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The season of transplanting, as a faotor affecting 
the subsequent development of a fruit tree, appears to 
have been the object of comparatively little experimental 
investigation. It is probable that among the very early 
agriculturists the season of transplanting was governed by 
the opinion that "the spring is Nature's time to plant". 
Practical experience, however, has long since demonstrated 
that hardy speoies of deciduous trees may be safely trans-
planted, under reasonably favorable soil and climatic con-
ditions, at any time during the dormant season. This prac-
tice seems justified in the light of our present scientific 
knowledge. 
There seem. to be a conflict of opinion as to that 
part of the dormant season in which fruit trees may be trans-
planted with the greatest assurance of success. There is 
perhaps not a month from October to May that has not been 
suggested by some writers as the best time to transplant. 
-k 
Same suggest early fall as soon as the leaves begin to~shed; 
others lat.e fall, after the trees have ri1pened their tissues; 
even mid-Winter, when the trees are in the midst of their 
resting period, is recommended; many advise early spring. 
just as the buds are beginning to swell; and still others 
suggest holding the trees until late spring, when soil con-
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ditions may be more favorable for root growth. 
The wide variation in the results obtained by trans-
planting at these diff~rent seasons indicate that the sever-
al recommendations may be largely a matter of general opinion 
based upon observations made under widely varying conditions. 
Unfortunately. norticultural literatare contains records of 
very little experimental data from Which to draw conclusions 
concerning the relative effect upon fruit trees of the season 
during which they are transplanted. 
Since no common agreement seems to have been reached. 
it is of interest to review and attempt to harmonize existing 
opinions and to compare resUlts obtained at the Missouri 
Agricultural Experiment Station with those obtained elsewhere. 
-~ 
REVIEW OF THE LITERATURE ON SEASON OF TRANSPLANTING 
The earliest available record of experimental work bear-
ing upon the problem of fall or winter versus spring trans-
planting of fruit trees occurs in Koopmann's "Grundlehren des 
Obstbaumschnittes" (33). Following is a snmmaryof the re- . 
sults of the author's experiment conducted at Potsdam. Germany: 
I. Fall planting gave better results than spring plant-
ing in 18 cases. 
II. Fall planting gave the same results as spring plant-
ing in 5 cases. 
III. Fall planting gave inferior results to spring plant-
ing in 10 cases. 
IV. Winter planting gave inferior results to fall plant-
ing in 10 cases out of 11. 
V. Winter planting gave inferior results to spring plant-
ing in 10 cases out of 11. 
VI. Barly spring planting gave better results than late 
spring planting in all cases. 
Koopmann recommends as the Dest time for transplanting 
either the fall immediately after the leaves are Shed, or the 
spring at the time the buds first begin to swell. He states 
further, that in the spring the temperature of the air usually 
rises so quickly that, for about the first fourteen days siter 
transplanting, the new root development cannot offset the 
great detriment caused by the evaporation of water. 
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Bedford and Pickering, in the Reports o~ the Woburn 
Experimental Fruit Farm, give the results of experiments 
dealing with the season o~ transplanting apple trees in 
England. The authors found that apple trees planted November 
28, 1894 were, after one year's growth, decidedly less vigor-
ous than the winter or spring planted trees. They state in 
this Report (2-1897) that, "This would indicate that the gen-
erally received opinion as to the superiority of autumn as 
the best time for planting is erroneous, but the experiment 
must obViously be repeated before drawing such a conclusion." 
Measurements of leaf-3ize and growth of these trees at the 
end of three years showed practically nothing in favor of 
or against winter and spring planting as compared with autumn 
planting (2-1900). In a later experiment (8-1905), five 
different plantings were made. After being in the ground 
four years, the trees were lifted (Feb. 1905), and their 
weights compared with their weights when planted. The re-
sults Showed that the percentage inorease in weight of the 
trees planted O~tober 30 was nearly twice as great as that 
of the trees planted April 18, and was 'lb peroent.greater than 
the increase Of the trees set in late fall, or December 3. 
A comparison of late fall and early spring planting (Mar~h l~) 
shows a d1fference of six peroent.in favor of the sprlnB set 
trees. The inorease in weight of trees planted 1~roh 30 was 
Only 37 per oent as oompared with 56 per oent for trees set 
April 16. The authors state, that the oomparatively small 
increase in weight of the trees set March 30"1s not suffi-
cient to prove that such very late planting is preferable 
to moderately late planting, for the results must &1'1'1ays be 
so largely dependent on what happen to the contitions of 
soil and weather at the moment." The authors also ruake 
tile following comment, "Uniortunately, it is rarely possible 
for growers to obtain their trees early enough to secure 
the advantages which very early planting offers, unless the 
trees have been raised on the farm itself; nevertheless, we 
should always advise planting as early as pOSSible, for the 
soil 1s more likely to be in a suitable condition than later 
on, and the trees are less likely to be exposed to drying 
winds". 
At the end Oi" ten years, the difference _ between planting at 
different dates ~rom November 28 to March 3 at Woburn was inap-
preCiable. The trees planted October 30 were still ahead of 
those planted December 3 and later. "probably due to throw-
ing out roots -before winter" (2-1908). 
It was also found by Bedford and Pickering that apple, 
pear, plum and quince trees planted in autumn ~ormed new roots 
in the majority of oases before January 16. The authors also 
conclude from their experiments that where the planting can-
not be done until spring it 1s best to leave the trees in the 
nursery until the ground is ready for receiving them; for if 
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the trees are lifted in the fall and heeled in until they 
can be planted, ~resh roots may form while thus heeled in 
which will be destroyed during planting, thus tending to 
exhaust the trees by using up the stored fOOd material, 
(2-1908) • 
Card (10-1898), in Bulletin 06 of the Nebraska Experi-
ment Station, gives the results OI an experiment, carried 
on in cooperation with ,the Missouri Botanical Garden, regard-
ing fall transplanting of apple and peach trees. He con-
cludes 'Gb.8.t, in the locality of st. Louis, ~all planting 
gives good resUlts, while upon the plains it is usually 
found to be unsatisfactory, owing, largely, to the dry, open 
Winters. It was also determined in this experiment that Iall 
planted trees can make gro~vth of ~oots in the fall after plant-
ing and in early spring While the tops are entirely dormant. 
Clement (15), of Vineland, OntariO, was led by the loss 
in spring plantings OI Cherries to reoommend ~all planting 
for this tree. Before adviSing Iall planting :t"or other tree 
fruits WhiCh do not start as early in spring as the Cherry. 
Clement conduoted an experiment on pear and plum trees. Fall 
and spring plantings were made for three suocessive years and 
in every oase there was a difference in favor of fall planting. 
Observations have been made upon this prOblem by Whitten 
of the ~8souri Agricultural Experiment Station. He found 
from measurements of the Iirst three season's growth of fall 
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and spring plantings of Jonathan apple trees, that in each 
season those set in autumn made a much greater diameter 
growth and produced a larger number of branches and greater 
length Of new wood than similar trees set in spring. The 
fall planted trees also came into bearing one year earlier 
than the spring set trees. 
The foregoing review of the experimental evidence re-
lating to the season of transplanting of fruit trees indicates 
that, in the majority of cases, better results have been 
obtained by planting in the autumn. It snould be noted 
that tne various tests were made under climatic condi~ions 
val71ng :from the foggy, maritime c11mate of Germany and Eng-
land to the drier,continental climate of the Central United 
States. They also extend over a wide range in latitude. 
The Horticultural literature contains many expressed 
opinions regarding the season of transplanting, some of which 
may well be considered in this dissussion. 
In "Lindl.ey·s Hort.icUl·t.ure", (36), tile author states 
tnat the earliest time at which planting can be effected after 
the leaves fall in autumn is, upon tne whole, the best; thUS 
allowing the wounds a longer time to heal and oausing less 
injury to the plant. 
Downing (la) in "Fruits and Fruit Trees of America", 
makes the statement that "Autumn planting is gre~tly to be 
preferred in all mild Climates, on dry Boils; and even for 
very hardy trees as the apple in colder climates; as the fixed 
Position in the soil WhiCh the trees planted then get by the 
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autumnal and spring rains, gives them the advantage, at the 
next season o~ growth over newly planted trees." 
Bailey(l), in "The Principles o~ Fruit Growing" writes 
that "fall 'planting is generally preferable to spring planting 
on thoroughly drained and settled lands, particularly for 
hardy tree fruits like apples, pears and plums, and if the 
ground is in gOOd condition and the stock well matured, peach-
es may be sometimes set in October, even in northern states 
With success." The author states further that it is usually 
better to buy trees in the fall; "these trees must oe kept 
until planting time, and it is about as cheap and fully as 
safe to plant them directly in the field as to heel them in 
unt il spring." 
Thomas (48)"in the "American Fruit Culturist"-",expresses 
the opinion that,having taken due precaution against removing 
the tree from the nursery too early, against planting when 
the soll conditions are uni'avorable, and to prevent injury 
to heeled-in trees during winter, "it ls a matter of small 
consequence at which season the trees are put out, provided 
the work is well done". 
Engler (20), in a paper on the "Root Development of 
Trees", gives the following general rule: "In regions with 
well marked spring and summer rains, spring is the best time; 
in regions with dry summers and fall rains, fall plan~ing at 
(of the roots) 
the tirue o~ ~he oegillil1ng OI renewed aotivity which will vary 
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with the species and locality between the end Of September 
and the middle of October, and Should be ascertained locally." 
Brackett (9) expresses the belief in Farmer's Bulletin 
113 that the season of transplanting is governed somewhat by 
latitude, and says that the objection to fall planting, is that 
"the roots of a tree do not take hold of the ground suffioient-
11' to supply moisture to maintain a healthY, active circulation 
of the sap whiCh is required to prevent Shrivelling of the 
branches during winter's extreme cold and exhaustive evapora-
tion from drying winds. f1 
It will be seen that of the six writers cited above, three 
express tilemselves more or less strongly in favor of transplant-
ing in autumn, While the other three are noncommittal in their 
statements. However, the latter state conditions under whioh 
fall planting would be preferable. 
,Since the authors quoted in the preoed1ng pages nave gained 
their Views in widely separated localities, the question may 
arise as to their applicability to any partioular section. In 
this connection it may be of interest to quote opinions of hor-
ticulturists representing distinot seotions of the United states. 
Northeastern Division of the United States:-
Sears (45), of MassaChusetts, objects to fall planting 
Chiefly for the reason tnat the nurseryman may have to strip 
the leaves from the trees in order to supply the trees early 
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enough for transplanting at this season. It is his opinion 
that the ideal time to set trees is just as early in spring as 
the soil is in good condition to work. Jarvis(30), of Connec-
ticut, states that if soil and weather conditions are favor-
able a,j;ter the stock arrives, tile trees may be safely and profit-
ably planted in the fall. Gourley of New Hampshire. reports 
very fa~orable results from fall planting of apple trees. 
Wilkinson (53) of New York, makes the following statement: 
"Tf stock arrives in time (in the fall ) it maybe safely and 
profitably placed where they are to remain permanently. If 
conditions in fall are not right, spr1ng planting is undoubt-
edly the safer course." 
No~th-Central Division of the United States:-
White (50) of Michigan, believes that the convenience 
of the season will determine. in the majority of cases, the 
time to plant, "If in any doubt as to the time to plant leave 
it until spring." Erwin (21), of Iowa. advises spring plant-
ing for the upper MiSSissippi Valley, and says that "trees 
which have been disturbed in the fall by transplanting are 
more subject to root killing tile folloWing winter. The work 
should be done in spring so that the roots may have time to 
beoome established before the hot and often dry weather of 
August". Green (27), of Minnesota. states that it is best, 
as a rule, in the extreme North to plant trees in the spring, 
Yet the hardy fruit trees may be set in autumn provided they 
-11-
are afterwards laid on tne ground at the approach of winter 
and oovered with earth and a little mUloh, whioh should be 
ramoved and the trees straightened up before growth starts 
in s9ring. It is Of interest to note that Koopman also rec-
oommends this praotioe for the oolder parts of Germany. 
Central and Southern States:-
Whitten (51) "of the Uni versi ty of Missouri, in the 
Garden Magazine and in his leoture courses, advises for Mis-
souri, fall planting for all hardy speoies, and spring for 
tender speoies. He states that root growth will continue 
into winter beoause of the maximum store of heat in the soil 
at the time Of fall planting, but that the root growth of 
spring planted trees is slow and unoertain sinoe the soil 
then oontains the minimum amount of heat and warms up slOwly. 
At the same time the oonditions in spring are suoh as ~o 
stimulate rapid top growth, which draws upon toe reserve food 
l.. 
SUPply before new roots can be formed. Chand1er(12) of 
Missouri writes as follows: "In most of Missouri it is not best 
to plant peaoh treet in the fallon aocount of the danger 
~rom severe winters and dry winters, thOugh in a very favorable 
year the fall planted trees would make a better growth the 
first summer. In extreme southern Missouri if' 'the ground is 
in good moist oondition very late in the fall or early in win-
ter, it would be deSirable to plant ~he trees then and a good 
muloh of some kLnd would be of great advantage." 
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Berokmans (8), of Georgia, expresses the opinion that where 
the soil is naturally dry and warm all hardy and deciduous 
trees should be transplanted as early in the fall as the 
growth oeases and the young wood is well .n.a.rdened off. He 
states further that, in seotions where the climate is mild, 
trees are inactive in winter as far as the formation of leaves 
and new wood is concerned, but are not so in regard to the 
formation of new roots. 
Semi-arid Wsstern States.:-
Paddock ( 41), of Colorado, reoommends spring plant1ng. 
only, for the semi-arid fruit seotions of the West. Shinn 
(46), of IdahO, regards spring planting as the safer rule for 
Idaho orChardists beoause Of the dry talls and dry Winters. 
He also adds that "one of the main benefits of fall planting", 
the callousing of the inJured roots, may be obtained by heel-
ing-in the trees over winter. Garcia(22), of New Mexioo, is 
of the Opinion that, taking everything into oonsideration, 
Spring planting is better for New Mexico conditions. 
Paoific Coast States:-
Wickson (52), of California, oites two factors governing 
the season of transplanting fruit trees; the dormancy of the 
trees, and the proper condition of the soil. These factors 
are most apt to coinoide in most parts of California about the 
first of January. Wiokson found tbat the trees transplanted 
early had their wounds calloused over and new rootlets oonsid-
erably advanced before the buds began to swell. Observations 
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made by Lanham (34). in Washington. upon 1,000 acres of apple 
trees planted from December 1, 1910 to April 1. 1911 indioated 
that "~he first planted made at least twice the growth of those 
set out last. with a gradual gradation between." 
Referenoe to the opinions stated above. shows that three 
out 01" four of the recommendations from the northeastern states 
favor fall planting. The obJeotion to fall planting raised 
b7 the fourth writer is that the trees may have to be lift-
ed from the nursery before they are fully mature. This ob-
jeotion. therefore, is conoerned with the convenience of 
planting at tilis season and does not show that fall planting 
would not be better. provided the trees oould be seoured suf-
fioiently early. Spring planting is generally recommended by 
those representing the extreme north-central states, and the 
prairie states wnere trees transplanted in the fall are sub-
jected to extreme winter deSiccation. Those representing the 
central and southern states prefer fall planting as giving 
better resUlts tnan setting in spring. In the semi-arid 
states of the West, spring planting only is advised, regard-
less of latitude. On the Pacific Coast, however, conditions 
seem to be better adapted to transplanting in autumn or mid-
Winter. 
The foregoing resume' of the expressed opinions regard-
ing the comparative metits of transplanting at the different 
seasons Shows that these opinions are based mainly upon prac-
tical field experience rather than upon experimental data. 
It is also evident that there is a lack of entire agreement up-
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on this question, among hortioulturists, even in quite re-
stricted areas, having uni£orm olimatio oonditions. Casual 
observations whioh are the result of actual orohard experience 
are very valuable. Yet. oertain praotioal questions arise,the an-
swer to whioh must be sought by olose observation ot' t ~:e devel-
opment o£ plantings made at dif£erent seasons, and a oonsid-
eration of the factors whioh may affeot their growth. 
Since, among the hortioulturists representing a given 
looality, there is a more or less general agreement as to the 
best Beason for transplanting, it would seem that the proolem 
would have to be worked out for eaoh seotion separately. 
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FALL AND SPRING TRANSPLANTIUG AT THE IJISSOURI 
EXPERIMENT STAT I OIl • 
An experiment oaloulated to throw light on the best 
season for transplanting in this state was begun at the 
Missouri Experiment Station in the fall of 1908. Ten Jona-
than apple trees were planted on the hor~ioultural grounds, 
and, for oomparison, ten similar trees were set in the spring 
r 
of 1909. The twenty trees were very oarefully seleoted from 
several thousand trees grown in the station nursery. They 
were seleoted in pairs, in order that eaoh autumn set tree 
might duplioate as nearly as possible, a similar tree set in 
spring. The ten trees for the spring planting were allowed 
to remain in the nursery until time of planting olosely ad-
jaoent t~ the fall planted trees. in order that the two sets . 
of trees might winter under the same oonditions. At the time 
of planting the trees in the fall, their side branohes were 
out back in the usual manner, and on the same day the ten trees 
seleoted for the spring planting were similarly pruned. 
81mdlar fall and spr1ng plantings, inoluding different 
var1eities, have subsequentiy been made. The present inves-
tigation has oonsisted of tabulating and oorrelating the re-
sulting growth of these trees. In addition, the writer haS 
made plantings of apple trees in early and late fall and early 
and late spring. 
J'urther ob-3eots of this investigation have been as fo1-
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lows: (1) To observe the time o~ formation o~ new roots 
after each fall and spring planting mentioned above; (2) to 
determine the relative loss of water, during winter, of twigs 
from trees transplanted in the fall and those not transplanted; 
also whether water is lost more rapidly during periods of 
cold when the ground is frozen, and whether water is taken 
up again during warm periods when all or part ot the frost 
may leave the ground; (3) To record the relative amouots of 
growth in the case of trees planted in the fall and mulched 
and those not mulched; (4) to observe whether or not it is pos-
sible to retard the growth of trees that are heeled in for 
spring transplanting by lifting and re-hee11ng as often as 
eVidences ofgro\rlh appear; (5) To determine the relation of 
a wound made in the pruning back of a limb, to the development 
of an adjacent bud; (6) To obtain a continuous record of the 
temperature of the soil at the average depth of the root system 
of a transplanted tree. 
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Ta.b1e I 
COMPARATIVE GROWTH III 1909 OF AUTU1Ui AND Sl-1UNG 
SET JON.ATIW~ APPLE TREES 
10 t~ees set in fa.l1, Nov.12!08::l0 trees set in spring, Apr.22 
'09 
Tree : .Length growth Caliper: :Tree Length grovnh Caliper 
l~o. inohes inohes :: No.: illohes inohes 
1 
2 
~ o 
4 
5 
6 
7 
8 
9 
10 
Avg 
. 
. 247.0 
377.6 
324.0 
16.0 
260.0 
411.6 
195.0 
210.0 
104.0 
:, . 294.0 
: 243.7 
.: 12/16 
12/16 
12/16 
: 15/16 
· 
· 
· 
· 
12/16 
13/16 
:: 1 
2 
· . 
· . 
:.: 3 
· . 
· . 
:: 4 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
5 
6 
13/16 : : 7 
· 
· 
· 
· 
13/16 
: 12/16 
· 
· 15/16 
· . 
· . 8 
: : 9 
: : 10 
. 
. 
170.7 
185.0 
99.5 
·42.0 
133.0 
105.0 
173.0-
190.5 
21.0 
124.0 
13/16 :: AV8: 124.0 
: 11/16 
12/16 
10/16 
: 10/16 
9/16 
9/16 · · 
: 15/16 
11/16 
: 10/16 
• 
· 
12/16 
10/16 
It will be seen from the above table that the fall trans-
planted trees made almost double the total length growth of 
their branches that was made"b7 trees transplanted in spring. 
The average total length growth·~f ~he branohee on eaoh fall 
planted tree was a little over twenty feet as compared with 
an average o£ a little over toen feet on each spring set tree. 
1'he o~iper of the trees six .inohes from the ground was 13/16 
inches for the fall set trees, and 10/16 inches for the spring 
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set trees. Thus, the trees set in aut~ not only made 
greater length growth of their brancnes, but also made a 
greater diameter growth than the spring Bet trees. Observa-
tions on the aut~ set trees showed that they established 
root growth before cold weather of winter. Only one spring 
set tree outgrew the corresponding autumn set tree (No.4). 
This, no doubt, was due to individual variation. 
Table II 
COMPARATIVE GROWTH IN 1910 OF AUTUn AND SPRING SET 
JONATHAN APPLE TREES 
10 trees set in autumn,Nov.12'08::10 trees set in spring,Avr.22, 
: : 09. 
Tree:Length:Ho. of :Cal1per 
No. :growth:bran~hes: inohes 
feet : 
1 
2 
3 
· 84.1: 52 
· 
· 106.2: 63 
· 
· 99.6: 58 
· . 
· . . 
4 40.3: 42 
5 
7 
8 
9 
· 
· 
· 
· 78.7: 49 
· 
· 99.8: 60 
· 
· 102.3: 52 
· 
· 109.0: 69 
· 
· 60.0: 53 
. 
. 
1 4/16 
1 6/16 
1 5/16 
1 1/16 
1 4/16 
1 0/16 
1 3/16 
1 6/16 
: 1 4/16 
::Tree:Length:No. of :. Caliper 
::No. :growth:branohes: 1nches 
: : feet 
:: 1 80.7 
· . 
· . 2 73.4 
3 56.6 
· . . 
· . . 
:: 4 42.6 
· . 
· . 
:: 5 69.1 
· . 
· . 
· . 6 58.0 
· . 
· . 
· 
· 7 95.1 
:: 8 64.3 
· . ..  
· . 
· . 
· . 
· . 
9 • 46.1 
I 
· 
50 
50 
42 
40 
56 
45 
80 
45 
36 . . 
1 4/16 
1 0/16 
1 2/16 
1 -
1 3/16 
1 4/16 
1 7/16 
1 5/16 
1 3/16 
1_O ____ 1_12_._4_: __ 6_9 ______ 1_8~/~1_6 _____ _..oo:_:_1_0 __ :__ 58_._1 _____ 3_'~ __ ~1 4/16 
Avg~ 80.25: 56.5 1 9/32 Avg: 63.4: 47.8 ~ -1 ~/32 
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The above reoord of the growth made by the trees in 
this experiment during the second season after transplanting, 
snows tnat the average total le~h growth of branches of the 
autumn set trees was 26 per oent greater than that of the 
spring set trees or 80 1/4 feet as compared with 63.4 feet. 
The caliper of the fall planted trees was 1 9/32 inches, 
and of the spring planted trees 1 8/32 inches, Which repre-
sents only a slight difference in favor of the autumn set 
trees. It will also be noted tnat the fall planted trees 
averaged 06.5 branChes as compared with 47.8 branches for 
the spring planted trees. The autumn planted trees, there-
fore, at the end Of the second year's growth, still exhibited 
an advantage over their spring planted companions, althOUgh 
the difference is less marked tnan during the previOUs 
season. 
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Table III 
COM?ARATlVE GROWTH IN 1911 OF AUTUMN AND SPRING 
SET JONATHAN APPLE TREES 
10 trees set 1n fa1l,Nov.12, '08::10 trees set in spring.Apr.22!09 
a. per 
· inohes • 
· . 
· · · . 
· · 
1 
· 
85.20: 104 • 1 21/32:: 1 :138.04 • 128 · 1 9/32 
· · · · 
· · 
· . 
· · 
· · 
· . 
· 
• 2 114.87: 136 1 18/32:: 2 :108.95 108 1 9/32 
· · 
· . 
· · 
· · 
· . 
· · 3 107.37: 104 
· 
1 19/32:: 3 :102.45 ': 72 · 1 6/32 • • 
· · 
· . 
· · 
· . 4 83.62: 77 1 12/32:: 4 
· 
30.62 • 65 1 3/32 • 
· 
· · · · . · · · · 
• • 
· 5 
· 
77.39: 127 1 19/32:: 6 47.79 74 
· 
1 3/32 
. 
· 
· · · . · • 
· 
• • 
· 6 119.29: 131 
· 1 16/32:: 6 · '12.56 · 79 · 1 14/32 
· · · · 
· · · · . · · 
· · 
• 
· . · · 7 128.79: 142 1 16/32:: 'I :121.36 166 }, 1 22/32 
· 
· 
· . 
· 
· 
• • 
· 8 98.41 : 1b1 1 16/32:: 8 
· 
80.08 
· 
'17 
· 
1 12/32 
· · · 
· · 
· . 
· · · 
· 
• · . 
· · · 9 93.41: 115 • 1 14/32:: 9 52.79 · '15 · 1 5/32 • 
· · 
· · 
· . 
· 
· · 1 28/32:; 
. 10 107.45: 105 
· 
10 
· 
90.7'1 
· 
114 
· 
1 16/32 
· · · 
• 
Avg: 101.38: 124.2 1.55 · . Avg£ 84.54 · 95.1 1.33 · . • 
Exam1nation of the above table shows that the averase 
total length growth during the third season after transplanting 
was 101.38 and 84.54 feet for the fall and spr1ng set trees, re-
speotively, whioh is 19.9 per oent in favor of the trees set 
in the autumn. ~'he a.verage diameter of the fall planted trees 
was 1.55 inohes as oompared with 1.33 inohes for the spring set 
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trees. The length growth of the fall planted trees was pro-
, 
duced on an average of 124.2 branches per tree, while the 
new growth of the spring set trees was prOduced on an average 
of 95.1 branches per tree. As is indicated by these figures, 
the fall planted trees were still in advance of the spring 
planted ones in length growth, diamater of trunk, and number 
of branches. The difference in length growth in favor of the 
fall planted trees was slightly less than at the end of the 
second season, however. 
Examination of the data presented in Tables I, II and III 
shows that the length growth of the fall planted trees exceeded 
that of the trees set in spring by 10 feet the first year, 
16.63 feet the second year, and 16.74 feet the third year. 
Expressed in per cent, these differenoes are 100%. 26%, and 
19~ for tbe first, seoond and third seasons, respectively. 
The diameter growth, also of the fall set trees exceeded that 
of their spring set neighbors by .18, .03, and .22 inohes, or 
~. 2.5~ and 16.5% for the respective seasons. The length 
and diameter growth of these trees 4uring the three seasons 
m&1 be ta~ulated &8 follows: 
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Table IV 
COMPARISON OF AVERAGE LENGTH AND DIAMETER GRO~H 
OF AUTUMN AND SPRING SET JONATHAN APPLE 
TREES DURING 1909, 1910 and 1911 
Autumn planted, Nov.12, '08 :: Spring planted, Apr.22. '09. 
:Length Diameter · . 
· . Season frowth rfowth : : Season feet) inches) ; : 
1909 20.3 0.81 · . 1909 10.3 0.63 
· . 
· . 
· . 1910 80.23 1.28 · . 1910 · 63.63 1.25 
· . 
. 
· . . 
· . 1911 :101.38 . 1.65 · . 1911 . 84.54 1.33 • · . . 
For the purpose of obtaining further data upon the problem 
of tall versus spring transplanting, additional plantings of 
apple and cherry trees were made on the horticultural grounds 
in the au~ of 1913 and the spring of 1914. The ohiet ob-
ject of this experiment was to oompare earlr and late fall 
planting. and early and late spring planting. These trees were 
seleoted and planted in the same careful manner as has been 
previously described. On August 14, 1914, diameter measure-
ments were taken ODe foot above the ground on all trees. On 
November 20, 1914, the trees were ca11pered in the same manner 
8S betore, and at the same time aocurate measurements of wood 
growth during the past season were also taken. Measurements 
were made by the writer of the diameter and length growth of tbese 
trees during tbe sesson of 1916. The apple trees were planted 
close together, 2 x 6 feet, in order to eliminate soil differ-
ence. The cherry trees were planted 18 feet apart each way. 
The data obtained from the 'cherry trees are presented 
in Tables V and VI. 
Tab-1e V 
GROWTH IN 1914 OF AUTUMN PLANTED MONTMORENCY 
CHERRY TREES 
6 trees set in autumn, Nov.20,1913. 
No. of Diam.when Diam.Aug. :D1am.Nov. : Amount of twig 
tree .. 
· 
set. 
· 
14,1914. :20,1914 growth 
· · (inches) (inonesl : (inohes) . (inohes) . 
L 32/64 33/64 33/64 50.'16 
· 
· 2 32/64 33/64 35/64 89.0 
3 28/64 36/64 37/64 9'1.0 
4 
· 
36/64 36/64 40/64 31.5 
· 
5 
· 
28/64 · 37/64 39/64 101.6 
· · 
6 
· 
32/64 36/64 37L64 80.0 
· 
Total :188/64 207/64 227/64 449.'15 
. 
. 
37/64 '14.8 Average: 31/64 35/64 
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Table VI 
GRO'llTH IN 1914 OF SPRING PLA}TTED MONTMORENCY 
CHERRY TREES. 
6 trees set in spring Apr.14,1914. 
No.o:f 
tree. 
Diam.when 
set 
(inches) 
1* 32/64 
2* 32/64 
28/64 
. 
. 
4* 32/64 
5* 24/64 
6 32/64 
Total: 180/64 
Average 30/64 
Diam.Aug. :Diam.Nov. Amount of twig 
: 14,1914 :20,1914 growth 
(inches) :(incne=s~)~~ __ .(i~n_c_h~e~s~} __ _ 
32/64 
35/64 
67/64 
33/64 
33/64 
36/64 
64/64 
34/64 
. 
. 
33.5 
32 
65.5 
32. " 
* Trees died during summer of 1914. 
From Table V it will be seen that the autumn planted 
cherry trees made an average total length growth in 1914 
of 74.8 inChes, and an average increase in diameter of 
trunk of 6/64 inChes. The spring planted trees, recorded 
in Table VI, made an average total length growth of brancn-
es of 32.7 inChes, and an average increase 1n diameter of 
4/64 inches. Thus. the average length of new wood prOduced 
by the tall set cnerry trees was 42 inChes, or l~b per cent 
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greater tnan that produoed by the spring set trees. The 
average inorease in diameter of trunk of the fall planted 
'trees was 50' per oent greater than that of the spring set 
trees. It will also be noted that, on August 14, toe dia-
meter of the autumn set trees was slightly greater than the 
diameter of the spring set trees at that time. Wnile the 
differenoe is very small (1/64 inoh), it may indioate a 
poorer root development ot the spring planted trees. 
At the end of the growing season of 1914, the six fall 
transplanted oherry trees were in a healthy condition, 
While four, or 66 2/3 per cent, of the trees planted in 
April had died during the exceedingly dry and. oot summer. 
This fact is of particular interest because of toe great 
mortality of spring planted sour oherries in this state. 
The general experience in experimental plots at this station 
has been that there is a great mortality among spring set 
sour cherries. It is also true that growers who praotice 
fall planting for pome fruits, set cherries in spring like 
other stone fruits. It is prObably true tnat f"all planting 
is more essential for suocess with sour oherries in Missouri 
than with the other tree fruits. 
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Table VII 
GROWTH DURING SUMMER OF 1914 OF AUTUMN PLANTED 
TRANSPARENT AP:?LE TREES 
No. of: D1am. when: D1am.Aug. D1am.Nov.: Amount of twig 
tree. set. 14,1914. 20,1914. growth. 
(inohes) {1nohes) (inches) (lnoiles~ 
1 M 32/64 . · 44/64 52/64 231 
· 
· 
· 2 28/64 38/64 46/64 312 
· 
· 3 M · 20/64 46/64 49/64 208.6 
· · • · 
· 
· 4 t 28/64 44/64 52/64 25: 
· 
· 32/64 54/64 5 M t · 45/64 160 
· 
· 
· 45/64 65/64 6 1 26/64 406 
· 
· · 
· 28/64 43/64 7 M · 4e/64 222 
· 
· 
· '32/64 48/64 66/64 8 · 363.6 
· 
· M · 32/64 49/64 50/64 9 · 295. 
· 
· 
· 32/64 37/64 41/64 166 1v 
· 
· 
· 
· · 
· 28/64 36/64 37/64 136.5 1114 
· · 
· · 
· 
· 32/64 36/64 46/64 116 12 
· .-
· 
· 24/64 40/64 41/64 133 1~ 
· 
· 
· 14 M · 32/64 31/64 44/6,4 197 · 
· 
· 
· 24/64 32/64 37/64 126 1b 
· 
· 
· · 
-, 
· 
· 50/64 4'~/64 136 16 K 
· 
24/64 · 
· 
- .
· 17 · 28/64 34/64 39/64 101.6 
· 
· 
· 
· -18 M · 28/M 33/64 37/64 · 120 
· · 
· · 
· 
19 26/64 34/64 49/~4 173 
Total 540/64 : 764/64 953/64 · 3948 
· 
Average 28/64 
· 
40/64 · 50/64 · 207.8 
· 
· · 
M - cu1ched at time of planting. 
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Ta.ble VIII. 
GROWTH DORING SUMMER OF 1914 OF SPRING PLA~""TED 
TRANSPARANT APPLE TREES 
15 trees set in spring, April 27, '14. 
No. of Diam.when : Diam.Aug. : Diem.Nov.: Amount of 
tree:. set : 14 t 1914 : 20,1914 twig growth 
(inches) (inches) (inches) (inches) 
1 32/64 34/64 39/64 94 
2 20/64 25/64 38/64 131 
3 24/64 36/64 44/64 85 
4 36/64 3 TI/64 49/64 170 
5 40/64 38/64 44/64 132 
6 20/64 28/64 32/64 141 
7 24/64 27/64 44/64 95 
8 28/64 31/64 35/64 120 
9 28/64 30/64 35/64 132 
10 36/64 37/64 50/64 39 
11 32/64 38/64 43/64 78 
12 40/64 3 rt /64 40/64 70 
13* 
14 * 
15 24/64 32/64 40/64 138 
Total 384/64 : 430/64 533/64 1425 
. 
· . 
· 32/64 40/64 104.2 Avera.ge: 30/64 · 
· 
* Trees died during summer. 
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From Tables VII and VIII it will be seen tnat tne 
average diameter of the fall planted trees at the end of the 
growing season was 50/65 inches, as compared with 40/64 inches 
for the trees set in spring, which was an increase during the 
season of 22/64 and 10/64 inches, respectively. Measurements 
taken August 14. showed that the fall planted trees had in-
creased 12/64 inches, and the ~ring set trees only 3/64 in-
ches in diameter. The average increase in diameter during 
tne remainder of the season was 10/64 inches and 7/64 inches. 
respectively, for the fall and spring set trees. The great-
ly inferior growth during the earlier part of the season of 
the spring planted trees would seem to indicate a very slow 
development of their root systems as compared with tneir fall 
planted neighbors. Two-thirds of the entire season's diameter 
growth was made by the fall planted trees before August 14, 
While approximately the same proportion of the total increase 
in diameter of the spring set trees occured after this date. 
The average total length growth of autumn and spring 
set trees was 2o~t.e and 104.2 inches, respectively. The fall 
planted trees, therefore, made practically double the growth 
of branches ~hat occured on the trees set in the spring. In 
addition to the inferior diameter and length growth of the 
spring transplanted trees, it will be seen from Table VIII 
that two speCimens died during the snmmer. 
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~b1e IX 
GRmVTH DURING THE SUUMER OF 1914 OF AUTUMN 
PLANTED GRnmS APPLE TREES 
12 trees planted in the autumn, Dec.6, '13. 
No. of Diam. when Diam. Aug. Diam. Nov. : Amount of 
tree. set. 14 1914. ID ,1914. : twig growth 
(inches) (inches) (inches) : (inches) 
1M 20/64 24/64 24/64 52 
2 16/64 25/64 24/64 . 74 
3M 28/64 38/64 44/64 90 
4 28/64 34/64 55/64 149 
5M 20/64 38/64 48/64 333 
6 32/64 37/64 44/64 191 
7M: 24/64 30/64 34/64 187 
8M 20/64 27/64 32/64 171 
9M 20/64 37/64 48/64 161 
10 20/64 30/64 40/64 111 
11M 32/64 37/64 42/64 119 
12 28/64 34L64 35L64 110 
. 
Tota.l; 288/64 396/64 470/64 1748 
. 
. 
. 
Average: 24/64 33/64 . 39/64 145.7 . 
M - mulched at time of planting. 
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Table X 
GROWTH DURING THE SUMMER OF 1914 OF SPRI~G 
PLANTED GRIMES APPLE TR:8ES 
No.o:f Diam.when Diem Aug. Diam nov. Amount of twig 
tree set. 14, 1914. 20,1914. growth. 
(inches) (inches) (inches) (inches) 
1* 
2* 
3* 
4 28/64 31/64 31/64 52 
5 28/64 30/64 
· 
34/64 22 
· 
6 32/64 34/64 38/64 203 
. 
. 
7 24/64 : ' 28/64 34/64 144 
8 24/64 30/64 34/64 152 
9 12/64 28/64 28/64 29 
10 24/64 32/64 41/64 234 
11 24/64 31/64 33/64 33 
Total 196/64 244/64 273/64 869 
Average 24/64 30/64 · 34/64 108.6 
. 
* died during the ~er. 
An examination of data presented in tables IX and X shows 
that the fall and spring set trees averaged 24/64 inches in 
diameter of trunk at the time of planting. The respective 
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diameters of these trees after growth had ceased in 1914 
was 3~/64 and 34/64 inches,a difference of 5/64 inches or 14 
per dent, in favor of the autumn planted trees. The trunk 
growth of the autumn set trees previous to August 14 was 
9/64 inches as compared with 6/64 inches in the case of the 
spring set treos. The respective incre~ents in diameter aiter 
August 14 were 6/64 and 4/64 inches. Again, we find that the 
autumn planted trees accomplisned approximately two-thirds 
of their total diameter growth before August 14. 1914. The 
spring planted trees also made slightly more than naIf their 
entire season's diameter growth before this date. It will be 
noted, nowever, that the date of the spring planting in this 
instance was April 8, or 19 days earlier than the Transparent 
trees recorded in Table VIII, were transplanted. It will be 
remem'bered that the latter trees made only one-third of their 
entire season's diameter growth before August 14. It is prob-
able tilat tlle advantage of these few days was more signifi-
oant in 1914 than would ordinarily be true, because of the 
unusually dry spring and summer of that year. 
A comparison of length growth of branches shows that 
145.7 inohes of new wood were produoed by the autumn set 
trees and 108.6 inohes by those set in spring. :The fall 
planted trees exceeded the spring set trees by 33 per cent in 
-3£-
length growth. 
The Transparent and Grimes trees under consideration in 
Tables VII to X were two years old when transplanted. Further-
more, the two varieties were not planted upon the same date in 
autumn and in spring. Hence, in comparing the merits of fall 
planting with planting in spring, it ·vlouldbe necessary to 
consider together the results of the two plantings in each 
season. 
Table XI 
COMPARISON OF TWO F~'q OLD APPLE TREES TRANSPLAnTED 
IN AUTID'I1:N ?HTH TWO YF.....AR OLD ~REES TRANSPLANTED IN SPRING 
Autumn planted -1913 Spring planted-19l4 
Variety:Avg.diam. :Avg.for:Avg. :Avg.diam. :Avg.for:Avg. 
Trans-
parent 
Grimes 
Total 
:growth prior :entire :length:groiVth prior:entire :length 
:to Aug.14 114:season :growth:to Aug.14 I l4:season :growth 
(inches) :inohes :inches: (inches) :inches :Inches 
· · 
· 12/64 :22/64 :207.8 3/b4 10/64 :104.2 
· · 
. 
· · 
. 
9/64 :15/64 :145.7 6/64 10/64 :108.6 
21/64 :37/64 :353.5 9/64 20/64. :212.8 
. 
· · 
: . 
· · Average: 10/64 :18/64 :176.7 4/64 10/64 :106.4 
The average increment in diameter of all the fall planted 
trees prior to August 14, was more than double that of the 
spring set trees. The average diameter growth of fall ~lanted 
trees for the entire season was 80 per cent greater than the 
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growth of the spring set trees. The average length growth 
of branches of autumn set trees was 176.7 inches as compared 
with 106.4 inches for the spriug planted trees. The excess 
in this respect of the fall planted trees was 66 per cent. 
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Table XII 
GROWTH DURInG SUl,fiJER OF 1914 OF EARLY AUTUMN 
PLANTED JONATHAN, WINESAP AND EA...~LY HARVEST APPLE T3.EES 
15 trees planted in autumn, Nov. 8'13. 
No. of Diem. when Dram. Aug.: Diam. Nov. Amount of 
tree. set. 14,1914. 20, 1914. twig growth 
(inches) (inches) (inches) (inches) 
Jonathan 
1 M 8/64 27/64 36/64 171 
2 M 12/64 16/64 44/64 258 
3M 8/64 28/64 36/64 339.5 
4 16/64 36/64 45/64 255 
Winesap 
6 M 8/64 29/64 41/64 184 
6 1.1 16/64 32/64 36/64 292 
7 M 8/64 20/64 22/64 78 
8 16/64 28/64 36/64 130.5 
9 M 8/64 25/64 36/64 181 
10 12/64 29/64 40/64 181 
11 M · 12/64 
· 
29/64 38/64 156.5 
Early Harvest 
12 12/64 30/64 39/64 173 
13 M 8/64 20/64 34/64 117 
14 20/64 33/64 44/64 162 
15 M 12/64 . 26/64 30/64 55 .... 
Total · 176/64 : 414/64 556/64 2733.5 
· Averase: 12/64 : 27/64 37/64 182.2 
M - Mulched at time of planting. 
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Table XIII !-AT £' 
GROWTH DURING SU1nJER OF 1914 OF EAHb¥ AUTUMN 
PLANTED JONATHAN WINESAP AND EARLY ruL~VEST APPLE TREES 
15 trees planted in Autumn, Dec. 6 y 1913. 
No. of Diam.when Diam.Aug.: Diam. Nov. : Amount of twig 
tree Bet 14,1914. : 20, 1914. growth. 
(inohes) (inches~ (inches) (inohes) 
Jonathan : 
1 8/64 26/64 34/64 135 
2 12/64 33/64 43/64 277 
3M 8/64 27/64 34/64 183 
4 M 12/64 33/64 44/64 262 
1fineaap 
5 1.1 12/64 35/64 49/64 251 
6 12/64 34/64 44/64 352 
7 M 8/64 31/64 46/64 287 
8 12/64 31/64 45/64 218 
9 M 8/64 29/64 41/64 264 
10 12/64 34 /6 Ll: 43/64 340 
11 M 12/64 30/64 40/64 141 
· 
· Early Harvest 
12 12/64 30/64 42/64 92 
· 
· 13 M: : 8/64 30/64 29/64 132 
14 20/64 36/64 43/64 193 
15 M 12/64 34/64 40/64 163 
1J:10tal : 160/64 : 473/64 : 567/64 3290 
Average 11/64 . 31/64 . 42/64 219.3 . . 
M - mulched at time of planting. 
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Table XIV 
GROWTH DURING SillKMER OF 1914 OF SPRING PLANTED 
JONATHAN, WUmSAP AND EARLY HARVEST TREES 
15 trees planted April 18, 1914. 
No. of . Diam. when Diam. Aug.: Diam. Nov.: Amount of . 
tree set. 14, 1914. 20,1914. twig growth (inches) (inches) (inches) (inches) 
Jonathan 
1 12/64 21/64 27/64 110 
2 12/64 21/64 150/64 185 
3 12/64 21/64 28/64 135 
4 16/64 G7/14 37/64 272 
Winesap 
5 12/64 25/64 30/64 102 
6 12/64 23/64 26/64 62.5 
7 12/64 15/64 24/64 14 
8 12/64 25/64 31/64 128 
9 12/64 22/64 28/64 100 
10 12/64 . 21/64 26/64 75 . 
11 16/64 20/64 24/64 51 
Early Harvest 
12 1. 16/64 22/64 23/64 44 
13 12/64 23/64 28/64 88.5 
14 20/64 24/64 27/64 47 
15 16i64 21L64 . 24/64 97.5 .. 
Total . 204/64 331/64 : 413/64 :1511.5 . 
: 28/64 .: 100.7 Average: 14/64 22/64 
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Table XV. 
COMPARATIVE GRmVTH DURING THE SUMMER OF 1914 
ALL AUTUMN AND SPRING PLANTED JONATHAN, 
WINESAP AND EARLY HARVEST APPLE TREES 
Time of 
planting 
Avg.diam.: Avg.diam. : Avg. diam. 
when set Aug. 14 '14. : Nov.20 '14 
(inches) (inches) (inches) 
Nov.8 '13: 12/64 
Dec.6 '13: 11/64 
) 
Average 11/64 + 
Apr.18 I l4: 14/64 
27/64 
31/64 
29/64 
22/64 
37/64 
42/64 
39/64 + 
28/64 
Avg.length 
growth. 
(inches) 
182.2 
z 219.3 
200.7 
100.7 
It is evident from inspection of Tables XII and XIII 
that the growth of the trees transplanted December' 6, 1913, 
was much superior to tne growt.n oi' 'the trees planted November 
8, or nearly a month earlier. The results of early and late 
~all planting will be compared later in this paper. Hence, 
the average growth of the trees planted on these two dates 
will be used in comparison with the average growth of the 
companion trees set in the following spring. 
Referenoe to Table XV shows the average growth of the 
30 trees transplanted in fall to be 200.7 inches in length 
of branches and 28/64 inohes in diameter of trunk, as com-
pared with 100.7 inches of twig growth and 14/64 inches diam-
eter growth of the trees set in the spring. The autumn set 
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trees, therefore, exceed those set in spring by 100 per 
cent in botn length a:llQ diameter growtn. The increase i:u. 
diameter wuic.i! occured on the average fall planted tree 
prior to August 14, was more than double that occuring 
on the spring planted trees. This is a decided confirmation 
of the general supposition among growers who practice fall 
planting that trees wnich are transplanted in autumn become 
extablished and capable of maKing a vigorous growth early 
in the next season. 
It should also be noted tnat ten or 21.7 per cent of the 
46 trees transplanted in spring died, wIlile none of the fall 
planted trees failed to suryive the summer. 
The Jonathan, Winesap and Early Harvest trees here con-
sidered, were one year old at the time of planting. ~he re-
sulting growth of these trees parallels quite closely 
the growth made by the Transparent and Grimes trees recorded 
in Tables VII to X, with one exception. It was found that tne 
growth 01 the Grimes trees wnich were transplanted Deoember 
6, 1913 was much inferior to the growth of Transparent trees 
transplanted November 8. A comparison of these results will 
be considered in the discussion of early versus late fall 
planting. A further comparison of the two seasons of trans-
planting should be made, including all the trees of different 
ages and varieties. Such a comparison is given in the table 
which follows. 
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Table XVI 
COHPARATIVE AVERAGE GROWTH DURIUG THE SUI~l1IER OF 
1914 of ALL AUTU1m AND SPRING PLANTED TRANSPAP.EnT. GRIM3S, 
JOllA THAN , WINESAP AIm EARLY HARVEST APPLE TREES. 
Time of Diam. when Diam. Aug. Diam. Nov.: Amount of 
planting set 14, 1914. 20,1914. :length growth (inches) (incnes) (inches) : (inches) 
Fall 16/64 33/64 41/64 188.7 
Spring 23/64 28/64 34/64 106.2 
It will be noted that the trees, from which the data 
in the above table were collected, represent 5 varieties, one 
and two year old transplants, and that the dates of planting 
were varied in eaoh season. 
The fall planted trees made an average length growth 
of 188. 'I inches and diameter growth of 2b/64 inches, while 
~ne average spring set tree increased 106., inches ill length 
of branohes and 11/64 inches in diameter of trunk. Thus, 
the autumn set trees made over twioe as much diameter growth 
and nearly 50 per cent more twig growtn than the spring set 
trees. 
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Table XVII 
COI.IPARATIVE GROWTH DURING THE sm.II:IER OF 1915 
OF AUTtruN AND SPRING PLANTED MONTHORENCY CHERRY TREES. 
• • 
6 trees set in spring 6 trees set in autumn 
Noy. 20.1913 April 14.191~4 __ _ 
Tree:?iam. ~ov. :B~an-:Length;;Tree: Diam.Nov. :Bran-:Length 
No. :30,1910. :cnes :growth: :No. : 30,1915. :ches : growth. 
: (inches) : inches: : ..!.-( inches) : inches. 
1 1 4/64 36 401.5: : 1* 
· 
· 2 1 16/64 47 656.5: : 2* 
. 3 · 1 11/64 48 576 • 3 , . 1 42 434 
4 62/64 31 280 4* 
5 1 6/64 90 585 · . 5* 
· . 
6 62/64 24 190 6 1 6/64 39 418 
Tota16 33/64 :276 : 2689 : :Total : 2 6/64 81 : 852 
Aver. 1 5/64 : 46 : 448.1::Aver.: 1 3/64 . 40.5: 426 . 
* Died during summer of 1914. 
It appears from the above table that the two cnerry 
trees from the spring planting which survived the summer of 
1914 have nearly overtaken their fall planted neighbors. 
It would be of interest to know if further and more extensive 
trials would show similar results in the second season after 
transplanting. 
It is clearly SilOYffi by tnis experiment. however, that 
tne grower is warranted in violating the generally accepted 
rule ot liransplanliing stone fruita in spring. Sour cherries 
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planted in auttm4~ pass the winter suooessfully and make a 
vigorous growth the following season. And, what is more 
important, the high mortality among speoimens of tnis 
spe~ies when transplanted in spring may be hereby avoided. 
Hontrrorency cherry Trees 
Fall planted at left and spring planted at right 
of pic tare n:ay 15,1915) 
t-d 
I-' 
ro 
ct-
(1) 
H 
, 
'1 
'-
• 
• 
l'lanted .NOV. 20, 1913 .Planted. Apr. 14, 1914 
Specimens of Cherry Trees Shown in plate 1 L.:ay 11, 1914) 
IU 
I-' 
\l:l 
C'I' 
<l> 
H 
H 
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Table XVIII 
COMPARATIVE GROWTH DURING THE SIDdMER OF 1915 OF AUTUMN 
AND SPRING PL.Al~TED T?ANSPARENT APPLE TREES 
• • 
19 trees set November 8, 1913::15 trees set April 27, 1914. 
Tree:Diam. Nov. :Bran-:Lengtli ::Tree:Diam.Nov. :Bran-:Lengtn 
No. :30,1915 :ches.:growth ::No. :30,1915 :ches.:growth 
.: (inches): : (inches: : ( inches) : : ( inches) 
1 1 23/64 
2 1 6/64 
3 1 10/64 
4* 
51-
6 
7 
8 
9 
10"': 
1 10/64 
1 14/64 
1 34/64 
1 11/64 
44 
17 
16 
10 
24 
36 
55 
27 
11 1 1/64 : .19 
12 1 12/64 27 
13 1 12/64 36 
14 69/64 32 
15 1 
16 
1'1 
18 
51/64 
61/64 
78/64 
40 
18 
28 
13 
1081 
660 
343 
198 
1 
2 
4 
369 :: ti 
830 :: 7 
863 :: 8 
589 9 
46/64 25 
66/64 22: : 536 
56/64 14 168 
1 16/64 37 808 
1 12/64 26 628 
49/64 
52/64 : 6 
62/64 23 
1 3/64 33 
10 1 22/64 33 
60 
84 
606 
656 
795 
486 11*: 
689 12*: 
774 .. 13#: 
532 :: 14#: 
542 :: 15 1 IS/64 42 
294 
529 
· . 
· . 
· . 
· . 
198 
425 : : 
940 
8401:: 1 - 236: 52.56 
494.1 ::Avg.: 1.1 : 26.2:477.8 
# Died during summer 1914. 
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In the above table, is recorded the growth of autumn 
and spring set Transparent trees during the second season 
after transplanting. It will be seen that the advantage 
exhibited by the fall planted trees during their first seas-
on's growth has become much less pronounced at the end of the 
second year. 
Two trees from each planting were eliminated from the 
experiment in 1915 by blight and canker iLuection. 
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Table XIX 
COMPARATIVE GROWTH DURING THE Sur.:JME~ OF 1915 OF AUTUMN 
AND SPRING PLANTED GRIMES APPLE TREES 
12 trees set Deoember 6, 1913::11 trees set April 18,1914. 
. .. . .. 
. . 
Tree :Diam. Nov. :Bran;Length ::Tree:Diam. Nov. :Bran;Length 
No. :30, 1915. :ches:growth :: No. :30,1915. :ches:growth 
: (inches): : C inches: : : ( inches) : (inches) 
1 
2 
:3 
4 
1 19/64 
1 I TI/64 
5 1 44/64 
6 1 12/64 
7 
8 1 14/64 
9 1 19/64 
10 1 7/64 
11 1 14/64 
16 
16 
29 
28 
242 
288 
649 
686 
1* 
2* 
3* 
4# 
59 1311 5 56/64 
27 460·· 6 1 7/64 
38 748 7 48/64 
25 345 8 53/64 
23 526 9# 
31 505 10 1 12/64 
26 468 111: 
23 370 
27 533 
22 193 
22 213 
38 590 
Tota1:1125/64:341 6682 ::Total: 4 50/64 :132 1899 
Avg. : 1 17/64:28.4: 506.8 :: Avg.: 61/64 :26.4: 375.8 
* Trees died during summer of 1914. 
# Killed by blight and canker infection. 
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The superior growth of the Grimes trees transplanted 
December 6, 1913, is more pronounced during the second year 
than at the end of the first season's growth. The average 
growth of the autumn planted trees for the seaSOn of 1!:J16 
was 42/64 inches in diameter and 556.8 inches of twig growth, 
as compared with 27/64 inches increase in diameter and 375.8 
inches of length growth of spring planted trees. The differ-
ence in favor of the trees set December 6 is 55 per cent and 
48 per cent in diameter and lengtu growth, respectively. 
In addition to the death in 1914 of the three spring 
planted trees, three others succumbed in 191b to attaoks by 
disease. 
From an examination of Tables XVIII and XIX, it will be 
found that the autumn set trees attained an average diameter 
in 1915 of 1 10/64 inches and averaged 525.4 inohes of twig 
growth, as oompared with 1 1/64 inches in diameter of stem 
and 425.8 inches length growth of the average spring set 
tree. It is evident, therefore, that the effect of the seas-
on of transplanting upon the two year old transplants, con-
sidered in the above discussion, was plainly apparent during 
at least two season's growth. 
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Table XX. 
SHOWING GROWTH DURING THE SU1~nvIER OF 1915 
OF EARLY AND LATE AUTUMN PLANTED JONATHAN, WINESAP 
AND EARLY HARVEST APPLE TREES 
15 trees planted Nov. 8, 1913::16 trees planted Dec. 6, 1913. 
Tree:Diam. Nov.:Bran-:Length ::Tree:Diam. Nov.:Bran-:Length 
No. : 30, 1915.:ches :growth ::No. : 30, 1910 :ches :growth 
: (inches) : ( inChes: : : (inches) : (inches) 
Jonathan 
1*: 
2*: 
3*: 
4*: 
711nesap 
5 15/64 
6 48/64 
7 48/64 
8 :1 1 /64 
9 58/64 
10: 60/64 
11: 62/64-
Ear17 Harvee" 
12: 54/64 
13: 44/64 
14: 1 1/64 
: : Jonathan 
1*: 
2*: 
3*: 
:: 4*: 
: :Winesap 
33 : 785 5 1 18/64 
60/64 
1 24/64 
1 22/64 
6 
15 285 7 
25 573 :: 8 
20 
15 
14 
17 
'I 
21 
422 
374 
391 
374 
161 
467 
9 
10: 
11: 
:: 12: 
:: 13: 
:: 14: 
59/64 
55/64 
56/64 
60/64 
52 64 15 225 :: 15: 57 64 : 
69/64 :182 :4061 ::Tota19 27/64 : 
57/64 : 18.2 405.7 ::Avg. 1 3/64: 
cut back severely because of blight and 
43 790 
24 407 
56 1374 
45 1026 
18 
17 
18 
10 
293 
342 
442 
201 
13 280 
243 6155 
27 : 572.7 
canker infec~ion. 
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Table XXI 
GROY/TH DURIllG THE SUl.lI,ffi..'q OF 1916 OF SPRING PJaANTED 
JONATHAN. WInESAP AND EARLY HARVES~ APPLE TREES 
15 trees set in spring. April 18,1914. 
Tree No. Diam. Nov. Bran- Length 
30, 1915 
(inohes) 
ohes growth 
(inohes) 
Jonatha.n 
1* 
2* 
3* 
4* 
Winesap 
45 55/64 15 246 
6 50/64 14 341 
7 45/64 17 267 
8* 55/64 
9 52/64 14 409 
10 45/64 . 20 711 . 
11 33/64 7 163 
Ear17 Harvest 
12 59/64 13 126 
13 . 8 199 . 
14 44/64 13 173 
15* rff~~± 121 2635 Total Average 13.4 292.7 
* Trees out baok severely on account of blight and canker 
:lfeot1on. 
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Table XXII 
COMPARISOn OF THE AVERAGE GROWTH DURING THE SUIJl.IER 
Of 1916 OF ALL AUTUUN AND SPRInG PLANTED JONATHAN, WINESAP 
AND EARLY H~~~~ST APPLE TREES 
Time of Avg. diam. No. of Avg. length growth 
planting Nov. 30, 1916 hranches (inches) (inches) 
Nov. 8, '13: 57/64 18.2 405.7 
Dec. 6, '13: 1 3/64 27 572.7 
Average 62/64 22.6 489.2 
Apr .18, '14: 46/64 13.4 292.7 
Reference to Table XX shows that the later fall trans-
planted trees still exhibit at the end of the second season's 
growth, a distinct advantage over the earlier planted trees. 
The average results of these two plantings is given in Table 
XXII and will be used in comparison with the results of the 
spring planting. The autumn and s~ring set trees averaged 
62/64 and 46/64 inches. respectively. in diameter of stem. and 
their respective length growth of branches during the second 
season was 489.2 and 292.7 inches. In other words. the fall 
planted trees exceeded their spring set neighbors by 34 per 
cent in diameter, and by 69 per cent in length of new wood 
produced. The length growth of the autumn planted trees was 
produced on 9 more branches per tree than in the case of the 
-49-
trees set in spring. Aut~ planting, therefore, resulted 
in trees with denser heads and a more stooky appearanoe 
than when the planting was dOne in the spring. 
The autumn planted trees also seem to be more resistant 
to attaoks by fungous diseases. The Jonathan trees of all 
three plantings were eliminated from the experiment in 1916 
by being cut back severely on account of blight and canker 
infectiO.u. In addition, however, one ~Hinesap and one Early 
Harvest tree were eliminated from the spring plan~ing for 
the same reason. 
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Table XXIII. 
COMPARISOn OF THE AVERAGE GROWTH DURING THE SU!.!UER 
OF 1915 OF ALL AUTm.m AND SPRING PLANTED TRANSPARENT, GRH':ES, 
JONATHAN, WINESAP, AND EARLY HARVEST TREES. 
Time of Avg. diam. No. of Average length 
planting Nov. 30,1915 branches growth 
(inches) (inches) 
Fall 1 21/64 25.2 507.3 
Spring 1 16/64 22.0 382.1 
Upon comparing the growth during the season of 1916 of 
all the trees under consideration in this experiment, it is 
observed that the autumn set trees still maintain considerable 
advantage over those transplanted in spring. Table XXIII in-
dicates that the average autumn planted tree measured 1 21/64 
inches, and the average spring set tree 1 16/64 inches in 
diameter at the olose of the second season. : 'he length growth 
made by taese trees was 507.3 and 382.1 inches, respeotive-
lye The greatest difference between these two plantings 
was in the amount of new wood produced. The auturJn set trees 
exoeeded those transplanted in spring by 32 per cent in this 
respect. 
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EARLY VERSUS LATE FALL PLANTING. 
If fall planting is practiced.. the question may then 
arise as to how early in autumn the work should be per-
~ormed. It appeared to be the universal opinion o~ the 
writers previously quoted ill teie paper that fruit trees 
sllould be in a dormant condition '!lhen planted. It was also 
the opinion that when fall planting is decided upon tne trees 
Should be set as early as they can be taken from the nursery 
without strippine tne leaves, tnus affording as much time 
as pJssible for the formation of new roots before the ground 
freezes. It was noted that one objection to fall plan~ing 
advanced by one of tile norticul-curis"ts of tile northern fruit 
growing sections is, that matured stock cannot be obtained 
:t"rom the nurseries early enough to adm1 t of planting at this 
season. This objection geems to have more force ill sections 
w!lere winter comes early and suddenly, than in more southern 
lati tudes where ':,oell matured trece are readily Obtainable 
and good condi tio.u.s for plnntirlg extend over a mUCIl longer 
period in autumn. Bailey (l) 'states, however , that . "Trees 
are mature enough to dig late in September, or early Octo-
ber in northern states, depending upon the season, 90il and 
variety." Clement (15) of Ontario, was able '~O procure 
'.ve 11 matured stOCK from a Canadian nursery suffic iently 
early for planting in October. 
Bedford and Pickering (2-l96b) have oonducted an 
experiment comparing early and late fall transplanting 
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of apple trees. They found that trees planted October 30 
had made 46 per cent greater increase in weight at the end 
of four year's groy;t.c than trees Vlhicfl were set December 
3. The trees planted on the later date, however, apparently 
were not affected adversely, since they s:~ owed a greater in-
crease in weight than trees planted 1larch DO or April 16 
of the following spring. The authors state t! ~at trees 
planted October 30 formed adventitious roots before the 
following January. 
On November 8, 1<)1;;, several Jonathan, Winesap, and 
Early Harvest apple trees Viere set on the Horticultural 
groullds of the Missouri Agricultural Experiment Station. 
For comparison, an equal number of similar trees were plant-
ed December 6. The trees in both sets were the same varie-
ties and were one year old when set. lleasurements were taken 
by the writer of the diameter and length grov~h of these 
trees during line summer of 1~15, and compared with tne rec-
ord of the previous season's growth. ~he following table 
shows a comparison of the average increase in growth of 
trunk a.nd branches of the trees under considera.tion. 
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Table XXIV 
cmrPARATlVE INCREASE IN GROWTH DURING THE SEASONS 
OF 1914 AN 1~15 OF APPLE TREES SET NOVEtffiER 8, 1913 AND 
SET DECELlliER 6, 1913. 
Trees set Nov.8,1~13. Trees set Dec.6,1913 
Average increase in · . Average increase in 
· . Year growth in inches. · . Year growth in inches. 
· . Diameter LeEBth Diameter TJength 
1914 25/64 207.8 1914 31/64 219.3 
1915 20/64 405.7 1915 25/64 572.7 
It will be seen from Table XXIV that there is a marked 
difference in favor of the later planting in the case of 
each variety of apple trees during each season. 
In seeking an explanation of the better develo :Jment 
of the later planted tre~s, the weather conditions at tile 
time oJ.. planting should be considered. From the Ueteoro-
logical Reports of the Columbia Station of the United States 
-!feather Bureau, the writer computed tile amoUIlt of deviation 
of temperature and precipitation from the normal for the 
months of September, October, November and December of ~913. 
It was found that temperature sud precipitation were very 
nearly normal during September; October was 2.4 degrees 
below the normal in temperature and 1.7 inches above the 
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normal in amount of rainfall; the temperature for the month 
of November was 7.2 degrees above normal. and the precipi-
tation was .4 inches above normal; in December, the 
temperature was 4.5 degrees and the precipitation .2 inches 
above normal. 
December, 1~13 may have been slightly more favorable 
than the normal for that month for transplanting trees, as 
sever'e freezing was slig.ntly delayed. It is doubtful. how-
ever, if the cause of the better gro~~a of the trees planted 
in December vms due to this slight deviation of weat.ner con-
ditions. It seems :far more probable tllat early fall planted 
trees dry out somewhat in October and November from warm, 
dry autumn ,1eather a.nd brig11t sunlight in tilis interior 
region. On the other hand, trees planted in early December 
are exposed to cool weather, the twigs do not dry out and 
yet the soil still holds sufficient heat for roots to form 
before severe winter weather sets in. 
These statements appear to be confirmed by the results 
of moisture determinations Which aopear in Table XXVI. 
The writer found that the average water content on January 16 
of trees transplanted Dece~ber 7. 1915 was 51.13 per cent as 
co~pared with 48.67 per cent for those set over a month earlier 
or November 1, 1915. It would seem, therefore. that the 
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grea ter drying of tiF' earlier planted tree must have taken 
place during the month of november. 
It is also interesting to note t!.lB.t roots were i'ormed 
at approximately tile same 'time after planting upon the early 
and late planted trees. This may indicate that roots are slow 
in starting while excessive evaporation is taking place from 
trees planted in early autumn. 
The conditioll oft,he tree, also, is no doubt more favor-
able for transplanting at the later date than it is earlier 
in autumn. ¥llien y01h~g trees first lose their leaves in Octo-
ber or early November they are not well matured. They do not 
reach their complete rest period before December. Up to 
this time they draw more heavily upon their root system to 
supply water evaporated from their twigs than they do after 
their activity has been reduced to that of winter rest. 
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ROOT FORHATIOU OF r~A::tLY AND LATE FALL 
PLANTED APPLE TREES. 
The chief advantages ascribed to fall trans)la:uting 
of deciduous trees are; tnat the roots become thoroughly 
established during the winter, the ends of ~ne wounded roots 
become calloused over, and new roots are pus~led out in fall 
or very early spring. It seems to be an unsettled question, 
hO\'1ever, as to what extent the success 0::: fall -planting de-
pends upon the callousing 'of the yrounded roots and the form-
ation of new roots before winter sets in. In view o! the fact 
that planting late in ~ne fall of 1913, at this station, 
gave better results than planting a mOllt~ earlier, it would 
be interesting 'co compare the root development of trees set 
in early autuuli with tllat of 1;rees transplanted later. 
Reference to the available literature upon the subject 
of root growth of trees reveals the following statement by 
. 
Jost (31); "OWing to tne obvious difficulties of research, 
t .~e problems cOlmected wi ~h root growth have been as yet 
little ellucidated." Physiologists agree, however, that the 
roots of trees differ greatly in respect to periodicity 
of development from the stem. Sorauer (47) states, that "the 
snedding of the leaves ushers in a period of rest. As this 
partly depends upon the gradual decrease of temperature, the 
upper portions of the stem, which are exposed to the a.tmos-
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phere, may have completely entered the period 01 rest, 
while the roots which lie in the warmer layers of the SolI, 
are still continuing their growth in thickness. This activity 
may sOI:le1iimes last until January, and then only can ',7e say 
that the plant is entirely at rest." 
In regard tc the effect of wounding roots In aut~, 
as occurs when trees are transplanted, Linaley (36) writes as 
follows: "If at that time (after siledding 01" tile leaves), a 
root is wounded, a process OI' granulation or cicatrication 
will commence, just as it does in cuttings; aud from that 
granulatinn, which is a mere development of the horizontal 
cellular. system, roots ~i!ill eventu.ally proceed - the sooner 
the wound is ma.de the better, because it has tne longer time 
to heal; and therefore the earlier in autunn transjJlautlng is 
effected, the less injury will be sustained." Koopman (33) 
warns against exposure of the roots for, "once dried out, the 
cut surfaces do not heal tl1emsel ves again." Other .• ri ters. 
however, appear to regard the callousing of the wounds as less 
important than the formation of lateral or adventitious roots 
on the larger roots. and even the stem i tsel:f. Bedf"ord and 
Pickering (1-1908; . p. 3-4) make the following stateI:lent: "The 
whole subject to be sough~ in plantin~ a tree is to secure 
the 'formation of fresh rootlets from the main roots, and not 
to preserve the fibrous roots, which,naving lost their root 
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tips, are little better than dead encumbrances to the tree". 
These authors state further, that if the tree is 1iIted 
a few weeks aIter transplanting and the roots examined. it 
" 
will be seen "that, in tile case of a main root wnicil has been 
trimmed back rather short, tnere will be considerable devel-
opment of new rootlets close to the cut end, though not ac-
tually from the cut end itself." 
Card (lO-1898) found that apple trees planted at the 
Uebraska Station October 22, 1897. formed a fe'.v root tips 
1/8 to 1/4 inch ill length beforf ~ovember 16,(1897). Peach 
trees planted at the same time sho\ved no root growth. Root 
growth w'as still active on a peach tree wIlieh ilad not been 
disturbed. An exam1r~tion of these trees April 8. 1898. 
showed that root gro",,-th was progressing nicely. tt The cut 
surraces were beginning to callous. none having anparently 
taken place during the fall or winter." It vIas found at the 
Missouri Botanical Garden that apple trees 'i,r'3.nsplanted Uov-
ember 3 had formed roots one to two inches in length by Dec-
ember 14. but no callouses had formed. Peaches had made no 
roots, but all had commenced to callous. 
It is evident froe the above statements, that there is 
a lack of definite kno'~ledge concerning the root development 
of fall transplanted trees. For the purpose of throwing 
further ligLl'lo upon this question, the writer conducted the 
follo\ring investigation during the winter of 1915-16. 
-59-
On October 30, 1915, or as soon as 90 ner cent of 
the leaves were shed, the writer transplanted several one year 
old trees representing the varieties, Jonathan, ':!inesap and 
Gano. On December 2, over a month later, when it was a0par-
ent that the ground would soon be frozen, an additional plant-
ing was made, comprising 5 Jonathans, 5 Ganos, and 5 ·i'/inesaps. 
These trees were one year cut-backs; that is, one year old 
tops on three year old roots. The trees in each set were 
listed from the nursery and replanted iwnediately wi~hout 
undue exposure of the roots. The roots ",yere pruned where nec-
essary. 
~he first examination of the root systems o~ these trees 
was made December 1. Tree No. 3 of each variety planted 
Oc tober 30 was carefully lifted and the soil .... {ashed from the 
roots with a gentle stream 0:1:' water. It was found that no 
new roots had formed, net ther had any callousing of tile cut 
surfaces taken place. Tne numerous root hairs aad many of 
the finer rootlets, which were observed wnen the trees were 
planted, nad died or become bro.ffi and shrivelled in appear-
ance. These trees were replanted for further observation. 
Examination of a tree in the nursery which had noL been dis-
turbed showed that root growth was still active. 
The time of the next observation was January 22, follow-
ing a warm period of several days duration. The ground was free 
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from frost for approximately five inches below the surface, 
the frost extending to a depth of nine inches. This time 
trees No.2 alid 3 ot' each variety of the early planting were 
lifted, and their reots examined. It was found that there 
were 13 new root tips on the Gano, 6 on the Jonathan and 5 
on the "llinesap. The roots varied in length from 1/16 to 
1/2 inch. It was noted at the time of 0lanting, that on the 
No. 2 Jonathan tllere were four large. fleshy root tips growing 
from the stem. Whem examined in January, one of these roots 
was missing, and tllree had lengthened considerably, one of 
them being 1-1/8 inci:les long. Trees I~o. 3 of each variety, 
which were lifted and replanted December 1, still showed no 
evidence of new root growth. 
A specimen tree from the late fall planting (Dec. 2), 
was taken up January 29. It was seen that there were two 
large root tips, 1/4 ~o 1/2 inches long, about two inches 
from the end of one of the main roots. There was a very 
vigorous growth of root hairs taking place on all of the 
fibrous roots. Root growth seemed to be more active than in 
the case of trees transplanted October 30. No callouses 
were observed on either the early or late planted trees. 
Upon examining the tree widch had remained undisturbed 
in the nursery, it was found that root growth was still ac-
tive below the frost line. 
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It was dete~ined, ~uereioret from the above oDserva-
tions that no new growtn of roots or callousing of wounds 
oocured before December 1 on trees transplanted October 30. 
It was evident, however, that formation of new roots had been 
going on for a sufficient length of time previous to January 
22 to form roots 1/2 inch in length. It appeared that trees 
transplanted in late autumnl (December 2), began new root 
growth at approximately the same time as those set 33 days 
earlier. It was also clearly shown that root formation is 
not necessarily preceded by callousing of the cut surfaces 
of the roots. 
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RELATIVE TRAUSPIRATIOlf FROM :DOR1I1AN~ BRANCHES OF 
NORUAL AND OF AUTUMN TRANSPLANTED APPLE 
TREES. 
Transpiration takes place from dormant twigs even on 
the cold days in winter. This loss __ of water, even though 
very small in amount, must be supplied by movement of water 
up';;ard from the roots ot the tree. Ii sufficient ',vater 
cannot be supplied desiccation or winter killiug results. 
This winter injury is one of the iactors limiting the success 
of autumn planting in sections of the country where cold dry-
. 
ing winds prevail in winter. It is the general opinion that 
moisture is lost more rapidly during prolonged periods of 
told in winter and that water is taken up again by the roots 
during subsequent warm periods. It is also believed that 
fall planted trees experience considerable loss of water 
before the root system becomes reestablished in the soil, and 
are likely to be in a weakened con(li tion ,ihen growth begins 
in spring. 
In order to shed further light upon these questions, 
tile writer has made moisture determination of dorms:L.i.t twigs 
from undisturbed a.:ad from autUJilD-transplanted apple trees. 
Four determinations were made, as follows: before and after 
a cold period of three days duration, again after several 
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days of rain, and finally, at the beginning of growth in 
spring. The results of these determinations are given in 
the following table: 
Table XXV 
MOISTURE CONTENT OF DORMAnT BP.AlWHES FROM UNDISTU3BED 
TREES AND FROl-I TREES TRA:JSPLAHTED IN AUTU1.IN 
Trees 
Undisturbed 
- . 
Average 
_ ._-
Transplanted 
Dec. 7, 1915 
Average 
Transplanted 
l~ov. 1 t 1915 
. 
. 
:Jan.16,1916 
.~ 
.'Oi 
. 
. , 
52.74 
50.57 
51.65 
50.99 
51.28 
51.13 
48.67 
Percent of moisture. 
Jan.20, 1916 :Jan.2? ,1916 :1ilar.G7 ,1916 
. 
. . 
51.66 52.03 50.73 
51.26 53.64 52.59 
51.37 52.83 51.67 
. 
. 
: 
51.24 51.80 48.37 
51.18 51.74 50.27 
51.23 51.77 4~.32 
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The trees from which the above data were obtained were 
tnree years old and of the Early H~rvest variety. They 
were standine six feet apart in the nursery row, and on Decem-
ber 7 t1;VO o:f them were lifted and immediately replanted in 
their original positions. Henoe the conditions were the same 
for all trees except for the disturbance due to transplanting 
tv{O of them. THe soil is a heavy clay loam. Twigs in a 
healthy conditions and from the correspond i ng portions of the 
r 
:-
different trees were removed for analysis on tile dated iudi-
cated in the above table. Tnese were heated in a desiccating 
oven at a temperature of from 100 to 110 degrees Centigrade 
until they reaohed constant weight. The few trees which 
were transplanted November 1 were out back at the time of 
planting and hence afforded ma.terial tor only one determina-
tion. 
As will be seen from Table XXVII, the average per cent 
of mOisture in the twigs of trees under normal conditions on 
January 16 was 51.65 as oompared with 51.13 per cent for 
the ~rees transplanted December 7. Tnus, trees which had been 
transplanted over a month contained only .52 per cent less 
water than undisturbed trees. It should be noted ti1B.t just 
previous to this date the lowest temperatures of the winter 
occured; namely, -6, -~l, -2 degrees F, January 12, 13, 14 
respectively. January 19, after three days of continued cold , 
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when the minimutI temperature was 0 an C: the maximum 32 degrees 
F., another analysis was made. ~he undisturbed trees sl10wed a 
slight loss of moisture. The transnlanted trees, however, 
indicated a slight gain. It is probable that tile undisturbed 
trees SllO''ved larger amount of evaporation because they posses-
sed a larger amount of water YUlen cold weati1er came OIl and 
therefore nad more wa"ter to lose. 
In the interval between January 20 and January 2 '/, tem-
peratures as high as 63 degrees F. and much rain occured. 
Analyses tlade at the close of this period, indicated tnat tIle 
average r:loisture content of the normal trees was 52.83 per-
cent, and O!" the transplanted trees 51.77 per cent. The form-
er trees gained 1.46 percent. and the latter,.54 per cent. This 
appears to conf"irm the opinion t.i:lat trees tend to become more 
turgid during ";:arm periods in whlter. Also, that trees wnose 
roo"t systems f'lB.ve ceen mutilated by trallsplantiflp: i1.1 attt;UT!Jll 
are not able to recover their turgidity as rapidly as trees 
which have not been disturbed in this manner. 
It might be concluded from the above paragraph that the 
autUI;lIl planted trees would suffer,during the winter, a marked 
deficit in water content. Reference to the table shows t ~at, 
on 1iarch 2'/, when the buds were beginning to open, the aver-
age moisture content 01" the fall planted trees was 2.35 per-
cent lower than t hat of the l1lluisturbed trees. Tnis ueIicien-
cy in moisture apparently had no injurious eftect upon the 
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trees in question. It is probable that fall planted trees 
can withstand a greater loss of wa~er than the above amolmt 
without serious injury. The following statement by Sorauer 
(47, p. 91) is of interest in tnis connection; "freshly trans-
planted trees and shrubs are more sensitive than the untouched 
ones; generally speaking, the roots are more sensitive than 
tne stem and branches, owing to their more delicate tissues 
and the larger percentage of water of the former. The branch-
es of fruit-trees whicn were transplanted in the autumn were 
less damaged by frost than those which had remained in their 
original positions. Such a phenomenon is, in all probability. 
due to tile fact that tnebranches contained less water. as the 
transplanting, by damaging the many root-tips, would inter-
rupt the absorption of water, and consequently stop the growth 
of the branches. and accelerate the ripening of their wood. 
Cilandler (13) concluded also tilat greater concentration of sap. 
which would result from usual evaporation of water from trees 
during the winter-woula, by lowering the freezing pOint of 
their sap. render plants less liable to injury by low winter 
temperatures. 
In addition to the analyses already discussed, the mois-
ture content was determined on January 16 of trees Which had 
been tr~nepl~nteQ November 1. It was found to be 48.67 per 
oent, or ~.4g per gent lower than tile average of ti~e trees Whioh 
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had remained in their original position. On the other hand , 
the average water content of trees planted December 7. or 
over a month later, was 51.13 per cent, or only .52 per cent 
less than the normal trees. This would seem to indicate that 
the rate of evaporation was much higher during the month of 
November than during Devember and early part of January, as 
migilt be expected. 7lhile jn tilis comparison, tile results may 
nave been influenced by tile inQi vidual variation of -~he 'iirecs t 
or may De within the limits of experimental error, it is of 
interest to consider it in connection ",vi th the fact brought 
out earlier in this paper; namely, that apple trees planted 
in the late fall of 1~13 (Dec. 6) at this Station, made 
much better growth during tile next two seasons than similar 
trees set a month earlier. or November 8, 191D. TDese two 
facts, considered together, may be a confirmation of the opin-
ion expressed oy 7111i tten that the iligh temperature and brignt 
sunlight of this interior climate which often prevail until 
late autumn in this section. may serve to keep up the ac-
tivity and a high rate of evaporation in the early transplant-
ed tree until late in November. Under SUCD conditions it 
would undoubtedly be wiser t·o transplant in late autumn when 
the functions of the aerial portions of the tree have become 
practically dormal:l·~. and while a sufficient store of neat 
still remains in iihe soil to stimulate new root growth, before 
severe weather of winter. 
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EFFECT OF l1ULCHING APPLE TREES AT THE TIME OF 
TRANSPLANT ING n~ AU~mJN 
It is a geLleral opinion among norticulturists that 
trees should be mulched when transplanted in autumn. Clement 
(15) advised banking up fall pla.n.ted trees 8 inches with soil 
aLld a mulch of manure. It is also believed tnat tt.e injury 
to fall planted trees from heaving of the soil from the ac-
tion of frost during winter may be avoided or lessened by 
the presence about the trees of a mulch of some light material. 
Wickson (52), speaking for California conditions, states that 
"even in localities of light rainfall, if the trees are well 
mulched early in the winter, irrigation may be unnecessary 
for the young deciduous tree." 
In addition to conserving mOisture, a mulch of straw 
of similar material has an equalizine effect upon the temper-
ature ot' the soil. Oskamp (40) found that the soil beneath 
a mulch of straw and grass cooled oft' less quickly in autumn 
than where clean cultivation was practiced, and that it 
maintained the higher minimum temperature until sprillg. In 
spring, ~he soil warmed up much less rapidly where the mulch 
was maintained than was the case on cultivated or grass plots. 
It has been ODserved at this Station that the soil beneath a 
good mulch remains free from frost for a considerable period 
after the surroundiIlg grounci Ilas begun to freeze. Tnis means 
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a longer period for tIle formatioLl of roots on tne fall 
planted tree. 
The data accompanying this discussion were obtained in 
1914 in connection witn the experiment upon fall and spring 
transplanting. Immediately after planting, the alternate trees 
in each roV! were mulcile<i wi1in cornstalks ana straw. The mulch 
extended for a distance or approximately two feet from eaCil 
tree and averaged 2 inches in thickness. It was allowed to 
remain about the trees until the time ot beginning cultiva-
tion in the folloVling spring, whic.Ll was in April. As is 
indicated in the followiIlg tables, the varieties used were 
Transparent, Grimes, Jonathan, Winesap and Early .Harvest. 
The first two varieties named were two years old at the time 
of plantinf , and tne latter three varieties were one uear old 
trans pla:a:~ s. 
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Table XXVI 
SHOWING GROWTH DURING THE SU1iI.m~ OF 1914 OF APPLE 
TREES MULCHED A~ TH~ TIME OF TRANSPLAUTING IN AUTUJ:.-iN. 
Variety and :Dia~.T.1ileil 
date of set. 
planting. (inches) 
Transparent 
Nov.S, 1913 
Grimes 
Dec. 6.1913 
Jonathan 
Nov.S. 1913 
32/64 
20/64 
32/64 
28/64 
32/64 
28/64 
28/64 
24/64 
28/64 
28/64 
20/64 
28/64 
~O /ti4 
24/ti4 
20/64 
32/64 
18/64 
8/64 
Diam.Aug. 
14,1~14, 
(inches) 
42/64 
46/49 
45/64 
43/64 
42/G4 
33/64 
40/64 
32/64 
34/64 
34/64 
29/64 
38/64 
28/64 
30164 
37/64 
37/64 
27/64 
28/64 
Diam.l:ov. : Amount of 
20, 1914. :lengtn growth 
(inches) (inches) 
02/64 
49/64 
54/64 
48/64 
bO/o4 
'/)'/ /04 
41/64 
37/64 
39/64 
49/64 
29/64 
44/64 
48/64 
34/64 
48/64 
42/64 
35/64 
36/64 
237 
208.5 
150 
222 
295 
136.5 
133 
126 
101.5 
173 
52 
90 
333 
18'7 
161 
119 
171 
339.5 
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Table XXVI (continued) 
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Table XXVII 
SHOVlING TIm GROWTH DU]ING Tli'i SlJ::r.tER OF 1914 OF 
APPLE TREES NOT MULCHED AT THE '.:'HrE OF '.:'nANSPLAU'.:' lNG 
In AUTU11N 
~ariety and :Diam.when 
date of : set. 
planting :(inches) 
Transparent 
Nov. 8, 1913: 28/64 
28/64 
28/64 
32/64 
3~/64 
28/64 
24/64 
Grimes 
Dec. 6,1913 
Jonatilan 
Nov.8, 1913 
Winesap 
Nov.S, 1913 
16/64 
28/64 
32/64 
20/64 
20/64 
28/64 
12/64 
16/64 
16/64 
16/64 
12/64 
D1am.Aug.: Diam.Nov. : A~ount of 
14,1914, 20, 1914, :length growth 
(inches) (inches) ( inches) 
36/64 
44/64 
45/64 
48/64 
37/64 
33/64 
36/64 
25/64 
34/64 
37/64 
27/64 
30/64 
34/64 
16/64 
36/64 
32/64 
28/64 
29/64 
45/64 
b2/64 
55/64 
41/64 
37/64 
42/64 
55/64 
29/64 
35/64 
44/64 
3~/64 
40/64 
35/64 
44/64 
45/64 
36/64 
36/64 
40/64 
312 
253 
406 
353.5 
166 
120 
136 
74 
149 
l,91 
1'71 
III 
110 
258 
2b5 
292 
130.5 
181 
Early Harvest: 
Nov.S, 1913 
Jonathan 
Dec. 6,1913 
Winesap 
Dec. 6,1913 
Early Harvest: 
Dec.ti, 1913 
Total 
Average 
Table 
12/64 
20/64 
12/64 
12/64 
12/64 
12/64 
12/64 
12/64 
20/64 
540/64 
20/64 
-7-.0-
XXVII 
30/64 
33/64 
33/64 
31/64 
34/64 
31/64 
34/64 
30/64 
36/64 
901/64 
33/64 
(continued) 
38/64 1',3 
44/64 162 
43/64 277 
45/64 262 
44/64 352 
45/64 218 
43/64 390 
42/64 92 
43/64 193 
1150/64: 5738.7 
42/64 :212.5 
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Tables XXVI and XXVII indicate that during the season 
of 1914 the mulched trees made an increase in diameter of 
trunk nearly identical with tt£t of the trees which were not 
mulched. In length of new wood produced, the trees which 
were not mulched at the time of transplanting excelled the 
others by the small margin of 3B.5 inches. These results 
apparently indicate that there is little if any advantage in 
maintaining a mulch anout fall planted trees during the ~inter 
months. This is contrary to the general recomcendations of 
horticulturists. It should be noted, nowever, that the trees 
in this experimemt are not growing in a typical fruit soil, 
it being a heavy clay loam and rather poorly drained. Under 
these conditions it is probably true that mulching fall 
planted trees is not beneficial and may even be detrimental. 
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EARLY VERSUS LATE SPRInG PLAN~I:NG 
It is a general opinion that spring planting should 
be done as early in the season as possible. This may be true 
for species like cherries which start slowly. With other 
species of deciduous trees, however, there is probably little 
advantage in planting before conditions are such that root 
growth.as well as top growth can sLart immediately. 
While the conaiEiions in early spring ma.y be favorable i"or 
good top grow"h, the conc." i ·LioL~ ox ·lihe soil is likely to be quite 
unfavorable for an early start of new roots. The atmos-
pheric temperature rises early and rapidly in spring. On the 
other hand, the soil at this season of the year contains its 
minimum store of heat. Its temperature rises slowly, es-
pecially if the soil is wet. Observations made by :7hi tten 
(51) of the Missouri Experiment Station, illustrate Wi~t 
ma~ be expected as the result·of planting under such conditions. 
He has observed that spring set ~rees, after comine out into 
full leaf have made no furtner development for several weeks. 
Inspection aI' tne roo 1.8 of early spring plantea trees also 
s110wed that tiley ';;ere in :full leaf fully four ',veeks before 
evidence of new root gro .... "th (!ould be detected. It can be 
readily seen that sucu~rees would be a:t"fected disastroua ly 
by their top growtn s\,arting so much in advance of tileir roots. 
Observations made by the norticultural Department on 
early and late spring planted trees indicate that late plant-
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ing has given uniformly better results under average condi-
tions. Hence, the later planting may be preferable. provided 
the trees are dormant when planted. 
A Method of Holding Trees for Late 
Spring Planting. 
If late spring planting is to be practiced, it becomes 
necessary to hold the trees dormant until the time of planting. 
'':his may be accomplished by "heeling-in" the trees Ll dry, 
well drained soil in autumn of early spring, and lifting 
wid re-heeling tnem as often as evidences of grow~h appear. 
The writer was able by this means to prevent appreciable ex-
pansion 01" the leaves before tray 10, which was forty days 
after the date of the first spring planting. 
Si:uce the Lrees must be cut back a"l, the time of planting, 
they may be still fQrther checked by cutting a~ay the grow-
ing tips of ~he branches, thus reducing the drain upon the 
stored food of the trees. 
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A STUFY OF THE ROOT DEVELOPk~N~ OF SPRING TRANSPLAnTED 
APPLE TRE'.::S. 
A study of the subsequent root development of trees 
transplalJ.'ted in spring, necessitates a preliminary study of 
Llormal root growth upon trees which remain undisturbed. With 
reference to the resumption of root growth in spring, Engler 
(20 ) writes as follow's: "It is found that various species 
begin root activity before bud development; namely, at 
Zurich in 1~rch and April, a few days to four weeks before 
buds open. In hig~ altitudes (severe climate) the time dif-
ference becomes smaller and in some cases vanishes entirely." 
Goff (26) observed root growth starting on apple and other 
trees about ~~rch 31. before the buds had perceptibly swollen. 
He also found that growth in spring is most active near the 
snrface of the soil, and that it starts where it lef1i off in 
autumn; tilere being no general death of the finer roots as is 
often supposed to occur. Observations made by the writer 
indicate that root growth,on undisturbed trees continues through-
out tile winter, belOW 'the frost line,. Observations made 
laarch 1'1 on a Jonathan apple tree showed tha.t root growth was 
progressing rapidly at that time. 
It is evident, therefore, that when the time arrives for 
transplanting fruit trees in spring, more or less root growth 
has already taken place on trecs under natural conditions. If 
tna tre es for the spring planting are lifted directly from 
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the nursery, it is clear that many, if' not all of t.hese new 
root parts will be destroyed in the process of replanting, 
Since tae developmem; of roots during tne oormant season 
is at the expense of reserve food material, their destruction 
represents a direct loss to the transplanted tree. The loss 
of root hairs also disturbes the oressure of sap within the 
roots and stem of the tree, ","Thieh Goff (25) has shoRn to be 
one of the causes of the expansion of leaves in spring. He 
found that w.llen artificia.l root pressure was applied to trans-
pla.nted trees, that nearly every tree promptly opened its 
buds. It may bo noted in ti1is connection that Goff's exper-
iment well ilLustrates Olle of \;he advantages which fall trans-
planted trees possess over those set in tne spring, Since it 
was shown in the previous discussion that a new root system 
may become partially established on the former trees betore 
the time of spring planting. 
The observations whiCh the 'Nri ter has made for the -purpose 
of determining the period of renewal of root a~tivity Oil spring 
transplanted trees, will noVi be conSidered. 
On Liarch 25th, 1916, five trees each of tile Jonathan, 
Winesap and Gano varieties were transplanted. These trees had 
been eelected in the fall to duplicate the autumn set trees 
and were allowed to remain in the nursery during the Winter. 
Four days later, an equal number of trees of tile Earne vari-
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eties were transplanted. These were the trees selected for 
comparison with those planted December G, 1915. Root growth 
was progressing rapidly upon these trees when lifted trOr:::l 
the nursery. 
Specimen trees of the two spring plantings were carefully 
lifted from time 'to time and 'tihe root systems examined. For 
purposes of comparison, fall transplaLLted trees and trees Which 
had remained in the nursery were also lifted. 
An examination on April 11 of a tree planted March 25, 
showed that no new roots had formed, The nwnerous new root 
tips and root hairs which ';,vere observed at the time of planting 
had either disappeared or turned brown in color, indicating 
that they had probably ceased to function. April 19, or 25 
days after planting, another -liree was lifted. A new root 1 
inch long was ouserved, as well as several other root tips 
which were from 1/8 to 1/2 inch in length. These roots were 
all near the ends of fibrous roots. No callOUS formation had 
taken place. On the same day, a tree trans91anted October 
30, 1~15 was removed for the purpose of comparing its root 
development with that of the spring set tree. A very vigorous 
ne\'1 root system was observed. The new rOO1:;S THere 1'rom 1/2 
to 4 inches in length and proceeded from the shorter main roo~s. 
Eight roo~s 3/4 to 1 1/2 inches long were growing from the end 
01 a root 1/8 inch in diame~er. New root tips were forming 
near the end oj: all the smaller roots, and, in addition, each 
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root was well supplied with root nairs. This tree, therefore, 
was well prepared to supply water and food to th~ expanding 
leaves, which were at this time a-pproxi!Ilately 3/4 inches in 
width. The leaves on the spring set tree were not quite 
so far advanced, as on tnose planted in autuon. 
Examination on April 22 of a ·Ninesap tree which was 
trans-planted ~rch 2'.), showed that tHree new root tips. l/S 
inch in length, had formed near tlle ends of main roots. A 
few new root hairs were observed. The leaves upon this 
tree were just unfolding. For comparison, tne neighboring 
tree which was transplanted Decemher 2, 1910 was removed. The 
new root development was found to be even more extensive tlIan 
that observed on tne trees which were planted Octooer 30. 
The later planted trees, however, were placed in a soil more 
favorable for root growth than were the earlier planted trees. 
Observations made May 3 on a specimen of the spring plant-
ed trees indicated that the roots were not over ~ inches in 
lengtll and were fe~,v in number. Since this was nearly 40 days 
after planting, it would anpear that root growtn was pro-
gressing rather slowly as compared witnchat ot a:ltumn set 
trees. I:t will be rememberea ill tilis connection tha.t, ea.rlier 
in this paper, the writer called attention to ~he fact that 
autumn planted tI'ees made a much larger pDoportion of their 
entire season's growth in diameter prior to August 14, than 
did spring planted trees. This may he a result of the earli-
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er formation of a neN root system upon fall transplanted 
trees. 
These observations confirm the statements f,:ade by other 
writers that resumption ot root growth ill spring upon fruit 
trees precedes the unfolding of the buds. Under I\'iissouri con-
ditions, root activity may continue throughout the winter in 
those roots which are below the line of frost. If trees 
are allowed to remain in the nursery un~il the time of plant-
ing in the spring, much new roo~ growth maybe sacri:ticed 
in the operation of transplanting. Root development was 
retarded for a period of at least three weeks upon early 
spring transplanted apple trees. 
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THE SOIL TE1.1PERA!rURE In RELATIon TO AUTUII!N 
AIm SPRING TRANSPLANTING. 
A comparison of the root systems established by autumn 
and spring planted trees indicates that the tenperature of' 
the soil is one of the determining factors of root growth. 
Hence, a comparison of results of autumn anel spring planting 
should include ouservations upon the soil temperature during 
these two seasons. 
For the purpose of making sucn observatious in connec~ion 
witn the plantings of apple "trees made in the autumn of 1910 
and spring of 1916, the ~riter secured a continuous record of 
the temperature of the soil f'rom November 8, 1910 to May 1. 
1916. The instrument used was a Julien P. Freiz and Sons ther-
mograph. The bulu was placed at a depth of 10 inches, or at 
the average depth of the root system of a transplanted tree. 
The remainder of the instrument was suitably housed in order 
to protect it from possible influence by the sun's rays. The 
weekly maximum and minimum temperatures from the week ending 
November 15 tiO the wee.i-;: ending May 1, are shown on tne chart 
following page 85. The atmospheric tem~erature for the 
same period is shown in a Similar manner. The temperature 
record was Obtained :from the Columbia. Missouri Office of the 
United States Woather Bureau. The reading 01' the thermograph 
was checked by comparison with standard thermometers. 
Possibly the most noticeable :fact illustrated by tIle ac-
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companyillg caart is tIle comparative uniformity of the SOil 
temperature as compared with the extreme fluctuations of Lhe 
atmospheric temperature. A sudden extreme 1.11 tile teT!1perature 
of the air has only a slight effect upon the temperature of 
the soil at the depth of 15 inches. It is of interest to note 
tl'...at on one occasioLl ~lille winimwn temperature of the air was 
4 rt degrees below that of the soil for the same week. 
Further examination of the chart will show thct there is a 
grauu.al depression of the curves representing the maXilJlwf' and 
miniruwn soil temperature until the week ending January ~4. when 
a grauual rise begins. I't will also be noted that l.ne soil tem-
perature during the v;eek ending l~ovember lti was practically 
identical with the temperature May 1st. The mean of tne atmos-
pheric temperature dropped below that of the soil during the 
last week of November, and began to fluctuate by the normal eoil 
temperature in the last week of January. In o'ther words, the 
mean temperature of the air became lower than the mean temper-
ature of the eoil by tile iirst of December and continued so, 
with one minor exception, until toward the las~ of FebruarJ. 
when a rapid rise in teI:lp~ral.ure of tile air bega!.l. 
Tile abOVe observation~ have a direct bearing upon tile 
problem of autumn and spring planting. Shoot growth o:f:" decid-
uous trees ceases wi tn the sheddlng of the 'leaves in autumn. 
which is completed iu this sect on about October 30. Young 
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trees in the nursery may retain tne1r leaves much longer. It 
will oe seen, however, that conditions remain favorable for 
root growth long after top growth has ceased. The soil in the 
latitude represented by Missouri contains its maximun1 amount of 
heat in October. Tne emergence of this hear from the soil during 
tile Winter mQnths stimulates root growth in much the same man-
ner as a gentle llot bed mignt do. A concrete i1.1ustration of 
this "bottom-heat" in the soil in winter is afforded by the 
following ooservation. It may be seen in more northerli lati-
tudes vlhere a more permc.nent snow cover is present during the 
winter montns, that soil which was Irozen previous to the snow-
fall becomes thawed beneatrJ. t,lle snow. 
Tne cOHdi tiOllS confron'i;i.u.g the springllrsnsplanted tree 
are quite dil'ferent from tilose met by the tree set in autumn. 
':'ne aerial portions of the tree have emerged from their resting 
period and are readily stimulated into growth by the rapidly 
rising atmospheric temperature. While the soil may be nearly 
as warm as in late fall, the formation of a new root system 
is impeded by the uemands made UP0'ci the stored food materials 
by the expanding buds, and the consequent increase in transpi-
ration 01' tne upper portions of the tree. 
Records of soil temperature obtained by MacDougal (jd) 
indicate that in more nortllern latitudes tne decline o~ temper-
ature in autumn and the rise in late winter is more rapid than in 
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this section. The temperature curve also goes lower. The rise 
in the temperature curve began earlier than in IUssouri. It 
is possible "that this was due to the influence of sno,:/ cover, 
altnough MacDougal makes no definite stu1..ernent to that ei"lect. 
See additional file for unfolded version. 
• 
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WOUNDING STE·:t1LATES ACTIVITY OF ADJACENT 
BUDS. 
It is a matter of common observation that t !le terminal 
bud UpOi1 a branch is the first to start in spring, the later-
al buds expanding several days later; also, tha.t when the 
terminal bud is removed, as occurs when a tree is cut back at 
the time of transplanting, the la.teral buds which remain at the 
end of the pruned branch expand earlier than those lo"ner dO\vn 
on the twig. Furthermore, Howard (29) determined that autumn 
planted trees made a much more vigorous growth the following 
spring if cut back at the time of planting rather than in the 
spring. The same is true of trees whic~ are not transplanted. 
It may not be clearly understood, however, why removing a por-
tion of a branch in autumn after the leaves are shed causes 
the lateral buds at the apex of the pnuled stub to develop .into 
more vigorous snoots than when the pruning is done in spring. 
The following statement by 1mcDougal (39) may shed some light 
upon this problem. "Intense mechanical forces which cut, tear 
or crush the protoplasts or their membranes, exert a stimulating 
effeot upon the neighboring uninjured eleme.alis as well as the 
entire organis~ in some instanoes." It is olear that a certain 
amount of evaporation would take place from the pruning wound. 
AccordiJ..I.g to Howard (29.5) desiccation acts as a stimulus to tile 
enzymic activi-i.Y of a plaut. Hence. wounding trees 8f~er '"ney 
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have entered their rest period may serve to hasten the 
awakening of their buds in spring. 
The eflect of wounding upon the activity of dormant buds 
may be shO\7n more directly by the :t'ollowing experimellt. in 
which a wound is made through the cortex closely adjacent 
to the buds themselves. 
The material used in this experiment was one year old 
wood from a Delicious apple tree. These branches were re-
moved February 22, 1916, while the buds were still dormant. 
They were cut illliO equal lengths anu. divided i.Q:~o 7 groups 
of 6 ~wigs each. The character of the wound made on half of 
the twigs in each group was an incision with a knife through 
the cortex across the axis of the twig. On the other half 
a small notch about 1/6 inch wide was made, removing a portion 
of the cortex. Alternate buds were wounded. The position of 
the wounds was 7sried for each group. as follows: NO.1, below 
the bud; No.2, above the bud; No.3, above add below the bud; 
No.4, lateral and longitudinal on one side only; No.5, same 
as No. 4 on bOtIl sides of bud. T\vigs in No. 6 were pru.ned to 
different lengths. and those in group in no. 7 were checks. 
The accompanying photograyu ~aken March 7 shows two aver-
age speoimens from each grQup. It will be noticed that the 
wound was not effective in all cases in stimulating a bud into 
making greater growth than the adjacent unwounded buds. These 
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results are influenced to some extent by tne variation in the 
maturity of the buds. 
It was found by counting the number of buds which had 
burst that the second treatment, or wounding aoove the bud, 
appeared to affo .cd the greatest stimulus. Wounding above and 
below ~he buds was efIective in a nearly equal nWjber of cases. 
A lateral wound on one side only was apparently less eflec~ive 
than transverse wounds above or below the bud, with the ex-
ception of the excessive growth 01" tne bud near the terminal 
of III a. IV b shows t.flat notching on both sides was too severe 
a treatment. The buds on the twigs in this group dried up 
before they had started appreciably. It will be noted tnat 
whether a branch is pruned snort or long that the outermost bud 
makes an earlier and more vigorous growth than the remaining 
Duds on tne branch. The normal twigs in grou.p 7 indicate tnat 
the terminal buds are mucn. in advance of tIle laterals, and that 
tn.e latter started quite uniformly. The relative eflect of 
two forms of wounns was noticeable. Tne notched buds seemed 
to start earlier, but they soon appeared to suffer from des-
iccation. A simple ltniie cut through tile cortex \vas sut"ficient 
to produce marked results. 
These resul"cs ShO.7, tllereio"ce, tHat dormant lateral buds 
may be stimulated into aonorwally early growth by means of a 
wound in close proximity to tne bud. Tue greatest stimulus 
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is afforded by an inoision tilrougil the cortex immediately 
above a bud. Lateral wounding is a less effeotive stimulus. 
Removing a portion of the oortex in making a notch may be too 
severe a wound, oausing loss of water from the bud. 
These results are in accord with statements made by 
Gaucher (26), Gresse.uts (28), Lauohe (35), and Luoas (37), 
Weber (49), in an experiment on shortening the rest period of 
shoots, found that injured Duds in almost every oase preceded 
in opening and rapidly outgrew untreated buds on the same 
sprout. 
The praotical suggestions might be made in .. 
oonneotion with this experiment that it may be advisable to 
prune back in autumn trees that are to be transplanted in 
spring. 
PLATE VI. 
Illustrating the effect of wounding upon the activity 
of dormant buds. Twigs from Delicious apple treated on 
February 22, 1916 in the following manner: 
Group I - Wounded below alternate buds. 
" II - Vlounded above alternate buds. 
" III - Wounded above and below alternate buds. 
" IV - Wounded on one side of alternate buds. 
" V - Wounded on both sides of alternate buds. 
" VI - Pruned to different lengths. 
" VII - Checks. 
Arrows indicate some of the wounded buds. 
"a" indicates wounding by incision tnrough the cortex. 
"b" indicates wounding by notching,a small portion of the 
cortex being removed. 
Plate VI. 
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CONCLUSIONS. 
1. It is a!)parent that the season of transplanting of 
fruit trees should be governed by clioatic conditions. Autumn 
planting is evidently better than spring planting toward the 
south, and is less favorable toward the north. Autur.ln planting 
is , especially unfavorable in arid sections. For Missouri condi-
tions, the follovting conclusions may be drawn. 
1. Autumn planting of hardy fruit trees gives better 
results than spring planting. :'his is par'liicularly true of 
young cherries. 
2. Late autumn planting favors better growth than early 
fall planting. 
3. Late spring planting apparently gives better results 
than very early spring planting, provided the trees can be held 
dormant until planted. 
4. Autumn planting of a~ple trees enables them to CODe 
into bearing earlier. 
5. Formation of new roots begins at approximately 
the same time upon early and late autumn planted apple tre.es, 
which was found to be in the early part of January under Missouri 
conditions. 
6. Root formation upon autumn planted trees is not 
necessarily preceded by callousing of the cut surfaces of the 
roots. 
7. Roots below the frost line on undistiurbed trees 
continue to grow throughout the winter under Missou~i conditions. 
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8. Active root growth in spring precedes the open-
ing of theiJuds 01: autuma. plauted trees. 
9. Root growth of early spri~g planted trees may 
not become active until several weeks after planting. 
10. A relatively small amount of mOisture is lost 
during the winter "by autumn planted trees. This desiccation, 
provided it is not too severe, may render trees less suscep-
tible to injury from low temperature. 
11. Trees whose root systems have been distarbed by 
transpla.ntiug in autwnn may not lose water as rapidly duting 
periods of severe cold in winter as trees which have remained 
on their entire root system and hence are more turgid at the 
beginning of the cold periods. 
12. Both transplanted and undisturbed trees tend to 
oecome more turgid during warm periods in Winter, but this is 
more marked in the case of the latter than in the former. 
13. Trees transplanted in early autumn may suffer SOlne-
What from desiccation for the first few weeks following trans-
planting. Trees transplanted in late autumn are not subject 
to injury from desiccation. 
14. The temperature of the soil at a depth of 1;) 
inches on the Hortioultural grounds November Ib was similar to 
the soil temperaliure at tllebeginning of the following May. 
TllUS it will be a-pparent that soil temperature is as :ravorable 
for transplanting iruit trees ill late autumn as it is in late 
spring. 
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15. There se.ems to be no a dvanta.ge, on the heavier 
soils of Missouri, in mulching apple trees at the time of 
planting in autumn. 
16. The effect of the wound made in pruning back 
a tra.nsplanted tree is to stimulate earlier activity of tile 
adjacent ULtU. 
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